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Pretreatment Fundus Characteristics as Predictors of 
Recurrent Choroidal Neovascularization 


To the Editor.—The Macular Photocoagulation Study (MPS) 
demonstrated that argon laser treatment reduced severe 
visual loss in eyes with extrafoveal choroidal neovasculariza- 
tion (CNV) secondary to senile (age-related) macular degen- 
eration or ocular histoplasmosis syndrome.’ However, recur- 
rent CNV was observed in 59% of treated eyes in the senile 
macular degeneration study (SMDS), and in 30% of treated 
eyes in the Ocular Histoplasmosis Study (OHS). Recurrence 
was accompanied by an increased frequency of severe visual 
loss. We conducted a study of preoperative fundus character- 
istics that had not been examined in the MPS to identify clues 
to the pathogenesis of recurrent CNV that might lead to 
better treatment of patients. 

In collaboration with the MPS Fundus Photograph Read- 
ing Center (MPS-RC), the following six preoperative angio- 
graphic characteristics of CNV and surrounding retina were 
assessed: fluorescein leakage pattern (classic, smudge, or 
ooze), amount of fluorescein leakage (minimal to severe), 
contiguous peripheral blocked fluorescence, degree of CNV 
pigmentation, presence of “sick” retinal pigment epithelium 
(disturbances of the retinal pigment epithelium other than 
typical drusen or atrophy [SMDS only]), and the number of 
histoplasmosis scars within the arcades (OHS only). 

Angiograms (119 in the SMDS and 132 in the OHS) were 
reviewed independently by two ophthalmologists (J.C.F. and 
M.J.E.) and differences adjudicated. Grades assigned to the 


Fig 1.—Cumulative proportion of eyes in the senile macular degenera- 
tion study at each follow-up visit that had recurrent choroidal neovas- 
cularization. The broken line indicates no neovascularization or scar- 
ring in the fellow eye, and the solid line, the presence of 
neovascularization or scarring in the fellow eye. 
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angiograms were combined with the frequency and timing of 
recurrence of CNV and with MPS-RC baseline grades for the 
presence of CNV or disciform scarring in the fellow eye. 

The major finding was a strong association between CNV 
or disciform scarring in the fellow eye and a substantially 
increased risk of recurrence in the study eye, even when data 
were adjusted for age. Of the 50 eyes in the SMDS with CNV 
or disciform scarring in the fellow eye, 42 (84%) experienced 
recurrence in the study eye vs 20 (33%) of 61 eyes without 
CNV or disciform scarring in the fellow eye. Throughout 
follow-up, the life-table estimates of recurrence rates were 
2.5 to three times greater for patients with CNV or disciform 
scarring in the fellow eye (Fig 1; logrank P=.0001). In the 
OHS, 22 (24%) of 93 eyes without CNV or disciform scarring 
in the fellow eye experienced recurrence in the study eye vs 
15 (47%) of 32 eyes with CNV or disciform scarring in the 
fellow eye (Fig 2; logrank P = .01). 

Two of the angiographic factors of the study eye were found 
to be independently associated with an increased risk of re- 
currence: moderate to severe leakage from the CNV and 
presence of blocked fluorescence surrounding the CNV. Of 
the 66 eyes with moderate to severe leakage, 42 (64%) experi- 
enced recurrent CNV. Of the 45 eyes with minimal leakage, 
20 (44%) experienced recurrent CNV (logrank P=.04). Per- 
haps membranes with moderate to severe leakage grew more 
rapidly and, therefore, developed recurrent CNV more often 
than membranes with minimal leakage. Of the 47 eyes with 
blocked fluorescence associated with the membrane, 35 (74%) 


Fig 2.—Cumulative proportion of eyes in the ocular histoplasmosis 
study at each follow-up visit that had recurrent choroidal neovasculari- 
zation. The broken line indicates no neovascularization or scarring in 
the fellow eye, and the solid line, the presence of neovascularization or 
scarring in the fellow eye. 
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experienced recurrent CNV (logrank P=.005). This may 
indicate an active membrane irritating the surrounding reti- 
nal pigment epithelium, which then proliferates to wall off the 
CNV, or the CNV may be growing too fast to be confined, and 
recurrence develops. 

Overall, we were not impressed by our ability to predict 
recurrence. Perhaps the important characteristics have been 
overlooked or the angiogram reflects merely one aspect of a 
complicated disease process. We were impressed, however, 
by the strong association between the presence of CNV or 
disciform scarring in the fellow eye and recurrence in the 
study eye. Clinicians should consider this finding when evalu- 
ating a treated patient’s prognosis and should more closely 
follow up these high-risk eyes to detect early recurrence. 

JAMES C. FoLK, MD 
Iowa City, Iowa 


Dawn W. BLACKHURST, MS 

JUDITH ALEXANDER 

MICHAEL J. ELMAN, MD 

DEBORAH A. PHILLIPS 

MACULAR PHOTOCOAGULATION STUDY GROUP 
Baltimore, Md 


1. Macular Photocoagulation Study Group. Recurrent choroidal neovascu- 
larization after argon laser photocoagulation for neovascular maculopathy. 
Arch Ophthalmol. 1986;104:503-512. 


Functional vs Cosmetic Ophthalmologic Defects 


To the Editor. —Bravo! The editorial by Anderson and Holds’ 
in the December 1990 ARCHIVES is timely and well done. 
However, they did not mention the importance of defining 
ptosis. Until a recent study at the University of Oklahoma, 
Oklahoma City, there was no accurate definition of this enti- 
ty. We define ptosis as a midpupil to upper lid distance of less 
than 2 mm. Ninety-seven percent of patients with ptosis so 
defined will have restriction of the upper field of vision to 30° 
or less.” Although this study was not intended for deciding 
questions of reimbursement, it is used in this part of the 
country as a guide for Medicare claims evaluation. 

Another important semantic issue not stressed in the edito- 
rial is the proper use of terms in discussing and reporting 
diagnoses and surgical procedures. For example, one fre- 
quently sees the word cosmetic in ophthalmic literature, es- 
pecially in descriptions of surgery for a strabismic, amblyopic 
eye. While straightening such an eye may not improve vision, 
correction of strabismus (or any disease or deformity) is 
reconstructive. If ophthalmologists call strabismus surgery 
cosmetic, so will claims examiners. Similarly, surgery for 
ocular adnexal scarring after trauma may not improve lid 
motion or vision, but it is still reconstructive. Insurance 
companies occasionally classify revisional eyelid surgery af- 
ter removal of a malignancy as “cosmetic.” Persistent claim 
reviews are necessary to correct these and similar injustices. 

Anderson and Holds state that surgery for ptosis, strabis- 
mus, and even craniofacial defects may soon be deemed “cos- 
metic” by examiners unless improvement of vision or the 
visual field can be documented. However, they make no 
recommendations for countering this unfair trend. Since 
third-party payers are biased toward reducing their liability, 
we must insist on claim reviews when unfair decisions are 
rendered. Subspecialty societies should study and report on 
issues of nomenclature, coding, and reimbursement so that 
the American Academy of Ophthalmology and the American 
Medical Association can provide educational programs for the 
public and intercede with insurance companies. 

The words cosmetic, reconstructive, and functional are 
frequently misinterpreted by examiners. Cosmetic means 
“beautifying; tending to preserve, restore, or confer comeli- 
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ness”; reconstruct means “to rebuild or make over”; and 


functional means “capable of operating or functioning.” Sur- 


gical correction of strabismus and ptosis does not restore or 
confer beauty, but rebuilds or brings the abnormal patient’s 
eye to normal, and is thus reconstructive. Visual acuity and 
visual fields are not the only indexes of function. A child with 
ptosis, strabismus, or a craniofacial defect has a deformity 
caused by a disease process and cannot function normally 
when taunted by schoolmates. Since the eye and ocular ad- 
nexa are readily visible, ophthalmic surgery that eliminates a 
visible deformity but does not improve vision is often incor- 
rectly dubbed “cosmetic.” In contrast, surgical correction of 
defects hidden by clothing is usually not considered cosmetic 
even if surgery does not result in “functional improvement” as 
arbitrarily defined by examiners. Insurance companies must 
be challenged for these inconsistencies. We must stress that 
cosmetic surgery improves the appearance of a normal person 
with no disease or abnormality. Reconstructive surgery elim- 
inates a disease, abnormality, or defect. It is important that 
ophthalmologists agree on these definitions and not demean 
surgery by calling it cosmetic. 

Medicare’ and Internal Revenue Service statutes and regu- 
lations’ indicate that treatment for illness, injury, disease, or 
congenital abnormalities is not cosmetic. Thus, surgery for 
congenital defects or injuries of the ocular adnexa, ptosis, and 
strabismus should be compensable without the need to prove 
functional deficit. 

Other troublesome words are plastic surgery and recon- 
structive surgery. These are interchangeably defined as “to 
rebuild or restore a part.” Cosmetic surgery, although only 
one aspect of plastic surgery, receives the most attention on 
television and in motion pictures. Therefore, words with 
plastic or -plasty, such as plastic surgery, oculoplastic sur- 
gery, and blepharoplasty, suggest nonessential cosmetic pro- 
cedures such as face-lifts and breast augmentation. It is not 
surprising that these words raise a red flag with claims exam- 
iners and are therefore best avoided. For example, “correc- 
tion of eyebrow ptosis” is more descriptive than “brow- 
plasty.” Similarly, “correction of dermatochalasis with 
secondary pseudoptosis” describes the functional nature of 
the surgery better than “blepharoplasty.” This more accurate 
terminology must be adapted to the limited CPT (Physicians’ 
Current Procedural Terminology) codes. Finally, when com- 
pleting forms or responding to questions about my subspecial- 
ty, I now reply, “eyelid, orbital, and lacrimal surgery” instead 
of “oculoplastie surgery.” In the past, when I said “oculoplas- 
tic surgery” people often said “Oh, you mean eye-lifts!” 

Ophthalmologists must agree on and use terms that clearly 
show that most ophthalmic surgery is reconstructive. If we 
use words accurately, we can steadfastly pursue proper reim- 
bursement of insurance claims. 


ROBERT G. SMALL, MD 
Oklahoma City, Okla 


1. Anderson RL, Holds JB. Does anyone know how to differentiate a ‘func- 
tional’ defect from a cosmetic one? Arch Ophthalmol. 1990;108:1685-1686. 

2. Small RG, Sabates NR, Burrows D. The measurement and definition of 
ptosis. Ophthalmic Plast Reconstr Surg. 1989;5:171-175. 

3. 42 USC §1395Y. 

4. IRC §213(d). 


In Reply.—We thank Small for defining ptosis and also for 
pointing out that his study demonstrated superior field de- 
fects in 97% of patients with a midpupil to upper lid distance of 
less than 2 mm. 

He further describes semantic problems such as the use of 
the term cosmetic in describing operating procedures and in 
ophthalmic literature. He makes an important distinction 
between cosmetic and reconstructive surgery. Unfortunate- 
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ly, our literature has referred to many problems that do not 
interfere with vision as “cosmetic.” However, physicians 
should not refer to a problem as cosmetic in their charts or 
referral letters, for example, “I am referring you this patient 
with a cosmetic ptosis.” If an insurance company receives 
such information in a second opinion or in requested records, 
the surgery will not be covered, regardless of what other 
information is provided. Therefore, it is important to avoid 
the term cosmetic and supplant it with reconstructive when 
referring to congenital or acquired deformities. We do our 
patients and ourselves a grave disservice when we refer to 
reconstructive surgery as “cosmetic.” This error is seldom 
made by general plastic surgeons, whose existence depends 
on this subtle but important distinction. 

We thank Small for further clarifying and emphasizing the 
problems in differentiating cosmetic and functional problems 
and their reimbursement, and for providing additional sug- 
gestions to help alleviate these problems. 


RICHARD L. ANDERSON, MD 
Salt Lake City, Utah 

JOHN B. Hotps, MD 

St Louis, Mo 


Surgical Technique in Retinal Detachment 
due to a Macular Hole 


To the Editor.—In the article by Kuriyama et al’ in the 
November 1990 issue of the ARCHIVES, the authors report an 
unusually high number of retinal detachments due to macular 
holes. In fact, the largest series in the literature, to our 
knowledge, reports a 0.6% incidence of macular break as a 
cause of retinal detachment.’ In our institution, it is rare to 
see a retinal detachment secondary toa macular hole. On first 
impression, many detachments in patients with high myopia 
appear to have a hole in the macula. The detached macula in 
these patients is extremely thin at the fovea and gives the 
appearance of a full-thickness hole. Myopic retinal detach- 
ments frequently have very small peripheral tears that are 
difficult to see. The majority of the patients in the article by 
Kuriyama et al’ underwent scleral buckling procedures. The 
repair of the detachments could be attributed to the approxi- 
mation of the peripheral tear with either a scleral buckle or 
intraocular tamponade. 

Irecommend that the initial operation in a patient with high 
myopia who has a retinal detachment presumably due to a 
macular hole be a scleral buckling procedure with cryothera- 
py to the peripheral retina. I think Kuriyama et al’ will find 
that a surprisingly high percentage of patients will have 
successful reattachment of the retina. If the retinal detach- 
ment recurs with fluid accumulating in the posterior pole, 
then one can use a transvitreal approach such as the one 
described by Kuriyama et al. 

FREDERICK H. DAviporFr, MD 
Columbus, Ohio 


1. Kuriyama S, Matsumura M, Harada T, Ishigooka H, Ogino N. Surgical 
techniques and reattachment rates in retinal detachment due to macular hole. 
Arch Ophthalmol. 1990;108:1559-1561. 

2. Margherio RR, Schepens CL. Macular breaks, I: diagnosis, etiology and 
observations. Am J Ophthalmol. 1969;4:24. 


In Reply.—We appreciate Dr Davidorf’s interest in our arti- 
cle and his comments regarding the initial operation in a 
patient with high myopia who has a retinal detachment pre- 
sumably due to a macular hole. In Japan, it is not rare to see a 
patient with a retinal detachment due to macular hole. In fact, 
some Japanese ophthalmologists report a 10% incidence of 
macular hole causing a retinal detachment, which is much 
higher than the incidence reported by Margherio and Sche- 
pens.’ The difference in the incidence of retinal detachment 


Arch Ophthalmol—Vol 109, September 1991 


secondary to a macular hole between Japan and the United 
States may be attributed to the difference between the races. 
Our coauthor, Dr Ogino, reported a 27% incidence of associat- 
ed frequencies of peripheral retinal tears with macular hole 
and a 13.1% incidence in patients with degenerative myopia.” 
These data are in agreement with Dr Davidorf’s comments. 
We evaluated retinal detachment due to macular holes in 
patients with high myopia and excluded those patients with 
peripheral retinal breaks, uveitis, and trauma. We are certain 
that no patients described in our article had peripheral retinal 
breaks. According to Dr Davidorf, however, some patients 
may have had peripheral retinal breaks. Even if this were 
true, we would initially recommend an intraocular gas tam- 
ponade alone in a patient with high myopia who had a retinal 
detachment due to a macular hole because this procedure 
alone has a good initial reattachment rate (59%) and causes 
less surgical damage. If the initial gas tamponade procedure 
fails, ascleral buckling procedure, such as Dr Davidorfrecom- 
mends, may be considered as one of the reoperation 
procedures. 
SHoJ1 KURIYAMA, MD 
Mıyo MATSUMURA, MD 
TAKAFUMI HARADA, MD 
Hitosui IsHIGOOKA, MD 
NoBUCHIKI OGINo, MD 
Kyoto, Japan 
1. Margherio RR, Schepens CL. Macular breaks, I: diagnosis, etiology and 
observations. Am J Ophthalmol. 1969;4:24. 


2. Ogino N. Retinal detachment with macular hole: statistical study of some 
characteristics. Acta Soc Ophthalmol Jpn. 1979;83:275-278. 


Transferrin Receptor Expression by Retinal Pigment 
Epithelial Cells in Proliferative Vitreoretinopathy 


To the Editor.— We were interested in the study by Jaffe and 
associates,’ disclosing the potential use of immunotoxins to 
inhibit the growth of retinal pigment epithelial cells in pa- 
tients with proliferative vitreoretinopathy (PVR). Exposing 
the proliferating retinal pigment epithelial cells to an immu- 
notoxin composed of a monoclonal antibody directed against 
transferrin receptor and conjugated to ricin A chain, caused a 
significant decrease in the number of cells and affected their 
morphologic appearance. This study was based on the hy- 
pothesis that transferrin receptors, which are expressed at 
high density on various types of proliferating cells, could 
constitute a useful target for immunotoxins, whereby prolif- 
erating retinal pigment epithelial cells would be inhibited 
during PVR. 

This hypothesis, however, was investigated by studying 
the cells in vitro, not in vivo, so that it could be determined 
whether such antiproliferative agents might be used in pa- 
tients with PVR. We have been studying PVR for a few 
years,” looking for expression of various markers at the 
surface of proliferating retinal pigment epithelial cells. Since 
transferrin receptors are membrane antigens expressed by 
proliferating cells, we examined these markers on intra- 
vitreal cells and cells from subretinal fluid obtained surgically 
in eight patients with PVR. 

In the five vitreous and three subretinal fluids, immunocy- 
tologic procedures were performed using monoclonal antibod- 
ies to transferrin receptors (OKT9, Ortho Pharmaceutical 
Corp, Raritan, NJ). A strong immunoreactivity was present 
at the surface of 90% to 100% of the examined cells. These 
positive cells showed various morphologic patterns, such as 
heavily pigmented cells; large, poorly pigmented and unpig- 
mented cells; and small unpigmented cells. Immunoreactivity 
to cytokeratin (KL1, Immunotech Co, Marseille, France) 
confirmed that these cells were derived from retinal pigment 
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epithelial cells. The expression of transferrin receptors by 
these cells was independent of their morphologic appearance. 

This preliminary work thus indicates that proliferating 
retinal pigment epithelial cells, both in vivo and in vitro, do 
express transferrin receptors and confirms that immunotox- 
ins directed against these markers of cell proliferation could 
be used as antiproliferative agents in PVR. 


CHRISTOPHE BAUDOUIN, MD 
FRANÇOISE BRIGNOLE, MD 
PIERRE GASTAUD, MD 

Nice, France 


1. Jaffe GJ, Earnest K, Fulcher S, Lui GM, Houston LL. Antitransferrin 
receptor immunotoxin inhibits proliferating human retinal pigment epithelial 
cells. Arch Ophthalmol. 1990;108:1163-1168. 

2. Baudouin C, Fredj-Reygrobellet D, Baudouin F, Lapalus P, Gastaud P. 
Immunopathological study on proliferative vitreoretinopathy. Am J Oph- 
thalmol. 1989;108:387-394. 

3. Baudouin C, Fredj-Reygrobellet D, Gordon WC, et al. Immunohisto- 
logic study of epiretinal membranes in proliferative vitreoretinopathy. Am J 
Ophthalmol. 1990;110:593-598. 


In Reply. —We were pleased to see that the data collected by 
Baudouin et al show transferrin receptors on retinal pigment 
epithelial cells from subretinal and vitreous fluids in patients 
with proliferative vitreoretinopathy; thus, these cells are 
targets for transferrin receptor-specific immunotoxin. Wel- 
ler et al’ have similarly shown that transferrin receptors are 
present on cells in PVR membranes, which are additional 
targets for this agent. These data support the idea that im- 
munotoxins directed against markers of cell proliferation will 
be useful in treating patients with PVR. Normal, nonprolifer- 
ating ocular tissues are likely to contain transferrin receptors; 
therefore, the immunotoxin should selectively inhibit actively 
dividing cells. We found that the immunotoxin selectively 
inhibited proliferating, and not quiescent, cells in vitro.”” 
Recently, Davis et al* reported that transferrin receptors 
were present in increased numbers on proliferating retinal 
pigment epithelial cells compared with nonproliferating cells; 
these data suggest that the mechanism for selective inhibition 
of proliferating cells may be related to increased density of 
transferrin receptors. 

Since this immunotoxin is directed against human transfer- 
rin cells and does not inhibit monkey, pig, or rabbit proliferat- 
ing cells, it can not adequately be tested in an animal model. A 
previous study showed that the immunotoxin inhibited the 
proliferation of human fibroblasts injected into the vitreous 
cavity of rabbits.° In this model, there was no evidence of 
ocular toxicity; however, the question of whether the immun- 
otoxin would be toxic to normal cells because of specific, 
receptor-mediated endocytosis remains unanswered. Al- 
though our data suggest that immunotoxin will be useful in 
the treatment of ocular diseases, it will be necessary to con- 
duct a phase 1 trial in patients to more definitively answer the 
question of ocular toxicity. 

GLENN J. JAFFE, MD 
Durham, NC 

Sam FULCHER, MD 
San Diego, Calif 

L. L. Houston, PHD 
Emeryville, Calif 


1. Weller M, Wiedemann P, Motor H, Heimann K. Transferrin and transfer- 
rin receptor expression in intraocular proliferative disease: APAAP-immuno- 
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Symblepharon Prevention 


To the Editor.—In a recent article in the ARCHIVES, Finger 
and Gougelman' describe a barrier device used for prevention 
of symblepharon after cryotherapy as treatment for conjunc- 
tival melanosis. Such a device was described by Ridley’ in 
1967 and others.” 

The symblepharon ring will work in the prevention of mild 
adhesions, but will not prevent symblepharon in severely 
pathologic conjunctiva, such as chemical burns or ocular 
pemphigoid. 


Louis J. GIRARD, MD 
Houston, Tex 


1. Finger PT, Gougelman HP. A barrier plaque designed to prevent con- 
junctival adhesions. Arch Ophthalmol. 1990;108:1669-1670. 

2. Ridley F. Therapeutic lenses. In: Girard LJ, ed. Corneal and Scleral 
Contact Lenses. Proceedings of the International Congress. St Louis, Mo: CV 
Mosby Co; 1967:483. 

3. Girard LJ, Alford WE, Feldman GL, Williams B. Severe alkali burns. 
Trans Am Acad Ophthalmol Otolaryngol. 1970;74:788-803. 


In Reply.—Several barrier devices have been used in an 
effort to prevent conjunctival adhesions after chemical burns 
or cryotherapy or for ocular pemphigoid." It was not within 
the scope or format of our letter to the editor to provide a 
review of similar devices. 

There are characteristics that differentiate the barrier 
plaque from the dome-shaped corneal-scleral contact lens 
described by Ridley.’ In this case, the barrier plaque was 
manufactured to mold to half of the bulbar conjunctiva with an 
opening for the cornea. In contrast to the scleral contact lens, 
we could examine the anterior and posterior segments of the 
eye and measure intraocular pressure without disturbing the 
plaque or its function. We found that the suture-fixed barrier 
plaque was immobile and relatively comfortable.’ We hope 
Dr Girard will prospectively evaluate the barrier plaque with 
his patients so as to appreciate its unique qualities in compari- 
son with the corneal-scleral contact lens and the symble- 
pharon ring. 


PauL T. FINGER, MD 
Manhasset, NY 


Henry P. GOUGELMAN 
New York, NY 


1. Cooper WW. On Wounds and Injuries of the Eye. London, England: J 
Churchill; 1859:285-288. 

2. Ridley F. The contact lens in investigation and treatment. Trans Ophthal- 
mol Soc U K. 1954;74:377-410. 

3. Girard LJ, Alford WE, Feldman GL, Williams B. Severe alkali burns. 
Trans Am Acad Ophthalmol Otolaryngol. 1970;74:788-803. 

4. Finger PT, Gougelman HP. A barrier plaque designed to prevent con- 
junctival adhesions. Arch Ophthalmol. 1990;108:1669-1670, 
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CLINICAL PHARMACOLOGY: Corticoids suppress the inflammatory response to a variety of agents and they probably delay or slow healing 
Since corticoids may inhibit the body's detense mechanism against infection, a concomitant antimicrobial drug may be used when this inhi- 
bition is considered to be clinically significant. Dexamethasone is a potent corticoid. 

The antibiotic component in the combination (tobramycin) is included to provide action against susceptible organisms. /n vitro studies have 
demonstrated that tobramycin is active against susceptible strains of the following microorganisms: 

‘Staphylococci, including S. aureus and S. epidermidis (coagulase-positive and coagulase-negative), including penicillin-resistant strains. 
Streptococci, including some of the Group A beta-hemolytic species, some nonhemolytic species, and some Streptococcus pneumoniae 
Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae, Enterobacter aerogenes, Proteus mirabilis, Morganelia morganil, most 
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Bacterial susceptibility studies demonstrate that in some cases microorganisms resistant to gentamicin remain susceptible to tobramycin 
A significant bacterial population resistant to tobramycin has not yet emerged; however, bacterial resistance may develop upon prolonged 
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No data are available on the extent of systemic absorption trom TOBRADEX Ophthalmic Suspension or Ointment; however, it is known that 
‘some systemic absorption can occur with ocularly applied drugs. If the maximum dose of TOBRADEX Ophthalmic Suspension is given for 
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INDICATIONS AND USAGE: TOBRADEX Ophthalmic Suspension and Ointment are indicated for steroid-responsive inflammatory ocular 
Conditions for which a corticosteroid is indicated and where superficial bacterial ocular infection or a risk of bacterial ocular infection exists 
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They are also indicated in chronic anterior uveitis and corneal injury from chemical, radiation or thermal burns, or penetration of foreign 
bodies 

The use of a combination drug with an anti-intective component is indicated where the risk of superficial ocular intection is high or where 
there is an expectation that potentially dangerous numbers of bacteria will be present in the eye 

‘The particular anti-infective drug in this product is active against the following common bacterial eye pathogens: 

Staphylococci, including S. aureus and S. epidermidis (coagulase-positive and coagulase-negative), including penicillin-resistant strains, 
Streptococci, including some of the Group A beta-hemolytic species, some nonhemolytic species, and some Streptococcus pneumoniae 
Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae, Enterobacter aerogenes, Proteus mirabilis, Morganella morganii, most 
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WARNINGS: NOT FOR INJECTION INTO THE EYE. Sensitivity to topically applied aminoglycosides may occur in some patients. It a sensi- 
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subcapsular cataract formation. Intraocular pressure should be routinely monitored even though it may be difficult in children and uncoop- 
erative patients. Prolonged use may suppress the host response and thus increase the hazard of secondary ocular infections. In those dis- 
eases causing thinning of the cornea or sclera, perforations have been known to occur with the use of topical steroids. In acute purulent 
Conditions of the eye, steroids may mask infection or enhance existing infection 

PRECAUTIONS: 

General. The possibility of fungal infections of the cornea should be considered after long-term steroid dosing. As with other antibiotic 
preparations, prolonged use may result in overgrowth of nonsusceptible organisms, including fungi. If superinfection occurs, appropriate 
therapy should be initiated. When multiple prescriptions are required, or whenever clinical judgement dictates, the patient should be exam- 
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Case Reports 





Branch Retinal Artery Occlusion 
Associated With Lyme Disease 





Lyme borreliosis is a tick-borne spiro- 
chetal illness that may involve numer- 
ous organs. Multiple ocular manifesta- 
tions of Lyme disease have been 
reported, including anterior uveitis, 
vitritis, episcleritis, conjunctivitis, 
keratitis, choroiditis, and exudative 
retinal detachment.’ Several neuro- 
ophthalmologic complications have also 
been recognized.’ We recently treated 
a patient with a branch retinal artery 
occlusion and positive results of sero- 
logic tests to detect Lyme disease who 
responded well to antibiotic therapy. 
To our knowledge, this is a new ocular 
manifestation of Lyme disease. 


Report of a Case.—A 37-year-old white 
woman awoke with a scotoma above fixa- 
tion in her left eye. For the previous sever- 
al months, she had generalized arthralgias 
and fatigue. Two months before presenta- 
tion, she developed floaters in both eyes as 
well as daily, throbbing headaches. She was 
not pregnant and took no medications or 
birth control pills. There was no known 
history of a tick bite or skin rash. 

Her visual acuity was 20/20 OD and 
20/25 OS. Results of Amsler grid testing 
confirmed a visual field defect superior to 
fixation in the left eye. The anterior seg- 
ments were normal, and there was mild 
vitritis bilaterally. The right optic nerve 
was slightly swollen. The retinal arterioles 
were irregular in caliber and a cotton-wool 
spot was present above the disc. The left 
posterior segment had an inferotemporal 
branch retinal artery occlusion, multiple 
cotton-wool spots, mild dise edema, and 
focal irregularity of some arterioles (Fig 1). 
Fluorescein angiography demonstrated a 
branch retinal artery occlusion in the left 
eye and bilateral disc edema (Fig 2). A 
comprehensive coagulopathic, embolic, and 
vasculitic workup was initiated. Normal 
values or results were obtained for pro- 
thrombin time, partial thromboplastin time, 
anticardiolipin antibodies, angiotensin con- 
verting enzyme, antinuclear antibody, com- 
plete blood count, serum protein electro- 
phoresis, lipid profile procedures, 
electrocardiography, chest roentgenogra- 
phy, lumbar puncture, and computed to- 
mography of the brain. Echocardiography 
demonstrated minimal mitral valve pro- 
lapse. Her Westergren erythrocyte sedi- 
mentation rate was moderately elevated 
(82 mm/h). The serum fluorescent trepone- 
mal antibody absorption test was reactive, 
and her VDRL test was negative. A serum 
Lyme enzyme-linked immunosorbent assay 





Fig 1.—Fundus photograph of the left eye shows ischemic whitening of the inferior macula and 
a cotton-wool spot superiorly. 


Fig 2.—Recirculation phase fluorescein angiogram of the left eye demonstrates perivascular 
and optic disc fluorescein leakage. 
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was reactive (optical density, .142; normal, 
<.094), as was the serum Lyme immunoflu- 
orescence assay to detect IgG (titer, 
1:2048). 

The patient was admitted with a pre- 
sumptive diagnosis of Lyme borreliosis and 
treated for 10 days with intravenous peni- 
cillin G (12 million units daily). Within 
days, her headaches, arthralgias, fatigue, 
and floaters improved. During the next few 
weeks, the vitreous cells cleared and the 
fundi returned to normal. The scotoma per- 
sisted, and her visual acuity remained 
unchanged. 


Comment. —Because of the positive 
results of serologic tests to detect 
Lyme borreliosis, clinical response to 
antibiotics, and lack of any other vaso- 
occlusive cause,” we believe the branch 
retinal artery occlusion was a compli- 
cation of Lyme disease. Our patient 
had migrainelike headaches, which 
have been associated with retinal arte- 
rial obstruction.” However, her vitre- 
ous cells, dise edema, cotton-wool 
spots, and improvement with adminis- 
tration of penicillin are not characteris- 
tic of migraine. Lyme borreliosis 
causes vasculitis and obliteration of 
small vessels as an immunologic re- 
sponse to spirochetes.’ The histopatho- 
logic features are similar to those seen 
in connective tissue diseases,’ which 
are known to cause retinal arterial 
obstruction.” Lyme disease, a treat- 
able, multisystem disorder, should be 
included in the differential diagnosis of 
retinal arterial occlusion. 


Davip A. LIGHTMAN, MD 
Williamsport, Pa 

Roy D. Brop, MD 
Danville, Pa 


Reprint requests to 777 Rural Ave, Williams- 
port, PA 17701 (Dr Lightman). 
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Successful Prophylaxis of Clostridi- 
um perfringens Endophthalmitis 





Clostridium perfringens, an anaero- 
bic, gram-positive Bacillus, is an infre- 
quent pathogen in endophthalmitis. 
Typically, ocular infection with this 
organism is rapidly destructive and 
accompanied by severe visual loss. We 
recently treated a patient with ocular 
trauma and C perfringens contamina- 
tion of the vitreous who recovered 
20/25 visual acuity. 
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Report of a Case.—A 24-year-old male 
farm worker was referred to the Southern 
Illinois University Eye Center (Springfield) 
after penetration of the right eye with a 
manure-contaminated nail. His visual acu- 
ity was measured at hand motions at 1 ft in 
the right eye and 20/20 in the left eye. Slit- 
lamp biomicroscopy of the right eye re- 
vealed conjunctival hyperemia, a 4.5-mm 
stellate corneoscleral laceration that did not 
involve the visual axis, and iris prolapse 
with the pupil peaked toward the wound. 
The anterior chamber was flat and the lens 
was opacified, precluding visualization of 
the vitreous and retina. The left eye was 
normal. 

Surgery was performed within 8 hours of 
the injury. The corneoscleral wound was 
sutured, prolapsed iris was put back in 
place, and the lens was removed via a pars 
plana approach. After lensectomy, vitreous 
hemorrhage was visualized and pars plana 
vitrectomy performed. Vitreous aspirate 
was cultured onto blood agar, chocolate 
agar, Sabouraud dextrose agar, and thio- 
glycollate broth. The patient received intra- 
vitreal gentamicin sulfate (0.1 mg), ampho- 
tericin B (0.005 mg), and cefazolin (2.5 mg). 
Subconjunctival gentamicin sulfate (20 mg) 
and cefazolin (100 mg) were administered at 
the conclusion of the case. 

Since the vitreum was contaminated, the 
patient was given intravenous imipenem, 
penicillin G potassium, and tobramycin af- 
ter the surgical operation. At 48 hours, 
C perfringens was the sole isolate, present 
only in thioglycollate broth. The organism 
was sensitive to cephalothin, clindamycin, 
erythromycin, penicillin G, tetracycline, 
chloramphenicol, and metronidazole. The 
intravenous regimen was decreased to 
4 million units of penicillin G potassium 
every 4 hours for a 10-day course. The 
postoperative course was uncomplicated. 
Corneal scarring from the original trauma 
did not involve the visual axis, and 6 
months after the injury, with hard contact 
lens correction, visual acuity was 20/25. 


Comment.—Ocular C perfringens in- 
fection rarely occurs in the absence of 
a penetrating injury. The typical 
course of C perfringens endophthalmi- 
tis is extreme pain, gas bubble forma- 
tion, and progression to panophthalmi- 
tis. The rapidly destructive nature of 
this infection is presumed on the basis 
of clostridial collagenases and 
hyaluronidases.’ 

Our patient demonstrates that gas 
gangrene panophthalmitis is not the 
inevitable course of posttraumatic con- 
tamination of the vitreous with C per- 
fringens. The preferred treatment of 
C perfringens infection is surgical dé- 
bridement; penicillin is the antibiotic of 
choice.’” Our treatment included early 
vitrectomy with intravitreal gentami- 
cin and cefazolin and a postoperative 
course of intravenous penicillin G po- 
tassium. The role of vitrectomy, and 
intravitreal and intravenous antibiotics 
in the treatment of endophthalmitis is 
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controversial. However, penetrating 
injury acquired in a rural setting is 
more likely to progress to endophthal- 
mitis than are penetrating injuries in 
other settings, and more virulent 
pathogens are encountered.’ The ex- 
cellent visual outcome in this case sup- 
ports early vitrectomy in cases of sus- 
pected endophthalmitis, especially in 
the context of a penetrating injury 
acquired in a rural area. 


Lisa D. KELLY, MD 
Palo Alto, Calif 


LANCE P. STEAHLY, MD 
Springfield, Ill 
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Intraoperative Suprachoroidal 
Hemorrhage in Congenital 
Glaucoma Associated With Cutis 
Marmorata Telangiectatica 
Congenita 


Cutis marmorata telangiectatica con- 
genita (CMTC), first described by van 
Lohuizen,’ is characterized by congeni- 
tal skin reticulated phlebectasia, which 
clinically improves with age. In 50% of 
affected patients, skin ulcerations, he- 
miatrophy, and cerebral vascular in- 
volvement were described. 

Until recently, congenital glaucoma 
was described in association with 
CMTC in only four cases.** We herein 
describe a boy exhibiting ipsilateral 
congenital glaucoma with skin telangi- 
ectasia and other features of this rare 
syndrome. During refiltering opera- 
tion, nonexpulsive suprachoroidal 
hemorrhage developed, which can 
probably be linked to a choroidal vas- 
cular anomaly. 


Report of a Case.—A 6-year-old boy had 
been born with reticulated skin telangiecta- 
sia over the face, neck, and left side of his 
body. His motor development was delayed. 
Left buphthalmos, corneal edema, and high 
intraocular pressure were found at birth. 
Subsequently, he underwent trabeculotomy 
and since the intraocular pressure was still 
high, filtering operation was performed; he 
was unavailable for follow-up. 

On admission, a reticulated red and pur- 
ple rash on the left side of the face (Fig 1) 
and marked »deft> hemiatrophy were ob- 






al acuity was'6/6 QD and 1/20 OS; 
ocular pregeure was'15 mm Hg OD 
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Fig 1.—Skin reticulated vascular pattern of 
the face. 


and 30 mm Hg OS, without treatment. The 
right eye examination was unremarkable. 
The corneal diameter of the buphthalmic 
left eye was 14.5 mm; the iris was normal. 
Funduscopy revealed a cup-disk ratio of 
0.8. The results of gonioscopy showed ante- 
rior iris insertion and a membranous struc- 
ture covering the anterior trabecular mesh- 
work. The internal ostium of filtration site 
was near fibrous tissue. 

Brain computed tomography revealed a 
left hemispheric vascular anomaly (Fig 2). 
Results of fluorescein angiography of the 
left eye were normal and telangiectasis was 
found only in the skin of the lower eyelid. 

Since the high intraocular pressure did 
not respond to maximal therapy, refiltering 
operation was planned. Following anterior 
chamber opening, the intraocular pressure 
increased excessively and the iris pro- 
lapsed. Tight closure of the scleral flap with 
iridectomy was performed. Funduscopy re- 
vealed a hemorrhagic choroidal detachment 
spreading posteriorly from the nasal pe- 
riphery. Following partial drainage of su- 
prachoroidal hemorrhage through nasal 
sclerostomy, the intraocular pressure de- 
creased. Maximal antiglaucoma therapy 
was initiated in addition to administration 





Fig 2.—Computed tomographic scan per- 
formed following contrast material injection, 
showing the abnormal vascular pattern of the 
left hemisphere. 


of dexamethasone (0.1%) and atropine 
(0.5%) drops four times a day. The hemor- 
rhage regressed gradually, and the intra- 
ocular pressure went down to 25 mm Hg 
and remained so with maximal antiglau- 
coma therapy. 


Comment.—The association be- 
tween ipsilateral buphthalmos, skin re- 
ticulated telangiectasis, and cerebral 
vasculopathy, although reminiscent of 
Sturge-Weber syndrome, is typical of 
CMTC." 

Buphthalmos, a frequent finding in 
Sturge-Weber syndrome, occurs rare- 
ly in CMTC." The cerebral vascular 
abnormality in CMTC is not a common 
finding as it is in Sturge-Weber syn- 
drome, and its angiographic character- 
istics are different. 

In the four reported cases of congen- 
ital glaucoma with CMTC,” vascular 
abnormalities were not detected in the 
affected eye, as was the situation in 
our patient. The results of gonioscopy 
were typical of congenital glaucoma, as 
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found in the patients described by Pe- 
trozzi et al’ and Sato et al.’ However, a 
facial nevus flammeus was found on 
the side of the glaucomatous eye in the 
two patients Sato et al described, 
while in our patient, as well as that 
described by Petrozzi et al,” only cutis 
marmorata was present in this area. 

Our patient exhibited an intraopera- 
tive complication of glaucoma surgery, 
which is rarely found in young patients 
and has never been reported in 
CMTC.™ Choroidal hemorrhage occur- 
ring during filtering operation is a 
known complication in Sturge-Weber 
syndrome, resulting from the bleeding 
of a choroidal hemangioma into the 
suprachoroidal space during hypotony. 
Additionally, patients with elevated 
episcleral venous pressure are also 
predisposed to this complication. 

We assume that this boy had an 
occult choroidal vascular anomaly, un- 
detected by fluorescein angiography, 
which led to a limited suprachoroidal 
hemorrhage during the filtering proce- 
dure. One should, therefore, be pre- 
pared to face this serious complication 
during glaucoma surgery in this rare 
syndrome, even though overt vascular 
anomalies are not found clinically or 
angiographically in the affected eye. 


ISRAEL KREMER, MD 
ARIEH METZKER, MD 
YUVAL YASSUR, MD 
Petah-Tiqva, Israel 
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REV-EYES™ 

(reev-eyes) 

dapiprazole hydrochloride 
Ophthalmic Eyedrops, 0.5%—Sterile 


DESCRIPTION 

For ophthalmic use only. 

REV-EYES is an alpha-adrenergic blocking agent. 

Dapiprazole hydrochloride is 5,6,7,8-tetrahydro-3-[2-(4-o.tolyl- 
1-piperazinyl)ethyl]-s-triazolo[4,3-a] pyridine hydrochloride. 
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Dapiprazole hydrochloride has the empirical formula CigH27Ne HCI 
and a molecular weight of 361.93. 

Dapiprazole hydrochloride is a sterile, white, lyophilized powder solu- 
ble in water. 

REV-EYES Eyedrops is a clear, colorless, slightly viscous solution for 
topical application. Each mL (when reconstituted as directed) contains 
5 mg of dapiprazole hydrochloride as the active ingredient. 

The reconstituted solution has a pH of approximately 6.6 and an 
osmolarity of approximately 415 mOsm. 

The inactive ingredients include: Mannitol (2%), Sodium Chloride, 
Hydroxypropyl Methylcellulose (0.4%), Edetate Sodium (0.01%), 
Sodium Phosphate Dibasic, Sodium Phosphate Monobasic, Water for 
Injection, and Benzalkonium Chloride (0.01%) as a preservative. 

REV-EYES Eyedrops, 0.5% is supplied in a kit consisting of one vial of 
dapiprazole hydrochloride (25 mg), one vial of diluent (6 mL) and one 
dropper for dispensing. 


CLINICAL PHARMACOLOGY 

Dapiprazole acts through blocking the alpha-adrenergic receptors in 
smooth muscle. Dapiprazole produces miosis through an effect on the 
dilator muscle of the iris. 

Dapiprazole does not have any significant activity on ciliary muscle 
contraction and therefore does not induce a significant change in the 
anterior chamber depth or the thickness of the lens. 

Dapiprazole has demonstrated safe and rapid reversal of mydriasis 
produced by phenylephrine and to a lesser degree tropicamide. In 
patients with decreased accommodative amplitude due to treatment 
with tropicamide the miotic effect of dapiprazole may partially increase 
the accommodative amplitude. 

Eye color affects the rate of pupillary constriction. In individuals with 
brown irides, the rate of pupillary constriction may be slightly slower 
than in individuals with blue or green irides. Eye color does not appear 
to affect the final pupil size. 

Dapiprazole does not significantly alter intraocular pressure in 
normotensive or in eyes with elevated intraocular pressure. 


INDICATIONS AND USAGE 

Dapiprazole is indicated in the treatment of iatrogenically induced 
mydriasis produced by adrenergic (phenylephrine) or parasympa- 
tholytic (tropicamide) agents. Dapiprazole is not indicated for the reduc- 
tion of intraocular pressure or in the treatment of open angle glaucoma. 


CONTRAINDICATIONS 
Miotics are contraindicated where constriction is undesirable; such 


as acute iritis, and in those subjects showing hypersensitivity to any 
component of this preparation. 
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WARNING 

For Topical Ophthalmic Use Only. NOT FOR INJECTION. Do not 
touch the dropper up to lids or any surface, as this may contaminate the 
solution. Dapiprazole should not be used in the same patient more 
frequently than once a week. 


PRECAUTIONS 
Information to patients: Miosis may cause difficulty in dark adapta- 
tion and may reduce the field of vision. Patients should exercise caution 
when involved in night driving or other activities in poor illumination. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Dapiprazole 
has been shown to significantly increase the incidence of liver tumors 
in rats after continuous dietary administration for 104 weeks. This 
effect was found only in male rats treated with the highest dose admin- 
istered in the study, i.e., 300 mg/kg/day, (80,000 times the human 
dose) and was not observed in male and female rats at doses of 30 and 
100 mg/kg/day and female rats at doses of 300 mg/kg/day. 

Negative results have been reported on the mutagenicity and impair- 
ment of fertility studies with dapiprazole. 
Pregnancy: Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at doses up to 128,000 (rat) and 27,000 
(rabbit) times the human ophthalmic dose and revealed no evidence of 
impaired fertility or harm to the fetus due to dapiprazole. There are, 
however, no adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predictive of 
human response, this drug should be used during pregnancy only if 
clearly needed. 
Nursing mothers: It is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk, caution 
should be exercised when dapiprazole is administered to a nursing 
woman. 
Pediatric use: Safety and effectiveness in children has not been 
established. 


ADVERSE REACTIONS 

In controlled studies the most frequent reaction to dapiprazole was 
conjunctival injection lasting 20 minutes in over 80% of patients. Burn- 
ing on instillation of dapiprazole was reported in approximately half of 
all patients. Reactions occurring in 10% to 40% of patients included 
ptosis, lid erythema, lid edema, chemosis, itching, punctate keratitis, 
corneal edema, browache, photophobia and headaches. Other reac- 
tions reported less frequently included dryness of eyes, tearing and 
blurring of vision. 


DOSAGE AND ADMINISTRATION 
Two drops followed 5 minutes later by an additional 2 drops applied 
topically to the conjunctiva of each eye should be administered after 
the ophthalmic examination to reverse the diagnostic mydriasis. 
Dapiprazole should not be used in the same patient more frequently 
than once per week. 
Directions for Preparing Eyedrops: 
1. Use aseptic technique. 
2. Tear off aluminum seals, remove and discard rubber plugs from both 
drug and diluent vials. 
3. Pour diluent into drug vial. 
4. Remove dropper assembly from its sterile wrapping and attach to 
the drug vial. 
5. Shake container for several minutes to ensure mixing. 
Storage and Stability of Eyedrops: Once the eyedrops have 
been reconstituted they may be stored at room temperature 15°-30°C 
(59°-86°F) for 21 days. Discard any solution that is not clear and 
colorless. 


HOW SUPPLIED 

REV-EYES™ dapiprazole hydrochloride Eyedrops, 0.5% 

NDC 57706-761-62 À 

Each package contains REV-EYES™ (25 mg), diluent (5 mL) and drop- 
per for dispensing. 

Patented U.S. Patent No. 4,252,721 

Caution: Federal (USA) law prohibits dispensing without prescription. 


Manufactured by 
Abbott Laboratories 
North Chicago, IL 60064 
For 
Angelini Pharmaceuticals Inc. 
River Edge, NJ 07661 
Marketed by 
Storz Ophthalmics, Inc./Lederle Laboratories Division 
American Cyanamid Company 
Pearl River, NY 10965 
Rev. 1/91 
01-2508-R1 


Akeni BAG Well 


‘As doctors, if we do the right thing at the right time, 


we can make a difference: 


Dr. Kenneth A. Haller, Pediatrician, East St. Louis, Illinois, Member, American Medical Association 


In one of the nation’s poorest communities, Dr. 
Kenneth Haller is working not only to save children’s 
lives, but to bring dignity to the lives of their parents. 

He is the type of physician who brings distinction 
to our profession. He is the type of physician who 
upholds the highest ideals of medicine. He is also a 
member of the American Medical Association (AMA). 

“I read the Principles of Medical Ethics of the AMA 
and was impressed by it. I'm proud to be a member,” 
says Dr. Haller. 


You are invited to join Dr. Haller and to join with 
him in his efforts to bring quality health care to those 
in need. To become a member of the AMA, return the 
attached postage-paid card or call our toll-free number 
now. 1-800-AMA-3211. 


American Medical Association 


Physicians dedicated to the health of America 
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66The shape of the SLANT 
haptic and its angulation of five 


we're getting closer to a 
more ideal product. 99 
—E. Ronald Salvitti, MD 








There was some straight talk about 
SLANT" haptics and state-of-the-art 
surgical techniques at the SLANT 
Symposium, held April 6, 1991 in 
Boston. There, it was unanimously 
agreed that as the currents of change 
push the scleral tunnel or pocket inci- 
sion more posterior, the IOL must fit 
through a deeper incision and enter at 
a steeper angle...thereby requiring a low 
entry profile for ease of implantation. 
And, as illustrated at the Symposium, 
no IOL keeps a lower profile than the 
SLANT ™ haptic lens (above). 


degrees is very effective... 


66 The state of the art today is 
to use capsule-fixated narrow- 
profile single-piece 
biconvex PMMA 
2 lenses. 99 
—Ronald Coburn, MD 








According to Drs. Salvitti, Coburn, and 
Jaffe, this uniquely curved haptic is ideal 
for entry into the new, more posterior 
incisions. There’s less manipulation and 
less force for a more harmonious inser- 
tion (above). And, as the SLANT™ 
haptic lens continues into the anterior 
chamber (right), the movement of haptic 
and optic remains unified. This haptic- 
optic harmony allows you to control the 
entire lens orientation with the optic 
alone...which is why the wave of the 
future in IOLs is making difficult or two- 
handed implantation a thing of the past. 
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66 The traditional lens is harder 
to place in the bag...compared 

to the smooth entry of 
the SLANT haptic 
lens.99 

— Norman Jaffe, MD 


Now, ALCON” makes easier implan- 
tation a thing of the present—and the 
future—with SLANT™ haptics 
technology. ALCON” to surgeon. 
Surgeon to lens. And lens to bag. 
SLANT™ haptics technology covers all 
the angles when it comes to the latest 
challenges created by new wound 
architecture. And you heard it straight 
from these distinguished surgeons. Hear 
even more about SLANT ™ haptics 
straight from us...ask your local ALCON" 
sales representative. 


The wave of the future...nothing keeps a lower profile 
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Alcon Surgical, Inc., 6201 South Freeway, Fort Worth, TX 76134 
1-800-TO ALCON (1-800-862-5266) 


AMA Responds to RBRVS With Grassroots Campaign 


Chicago, Ill.—The American Medical Association 
(AMA) is responding to the proposed rules of the 
Health Care Financing Administration (HCFA) for the 
new physician payment system based on a resource- 
based relative value scale (RBRVS) by organizing a 
grassroots campaign. 

The campaign’s focus is the 16% reduction in the 
conversion factor proposed by the HCFA. The conver- 
sion factor is critical for physicians because it establish- 
es a new base level of payment for physician services 
covered by Medicare. The price of a given service is 
determined by multiplying the conversion factor by the 
numerical value assigned to the service by the RBRVS. 
James S. Todd, MD, AMA executive vice president, 
said, “The 16% cut goes far beyond budget neutrality 
and threatens to undermine physician payment reform 
before it is implemented.” Budget neutrality would 
mean that 1992 spending on physician services would be 
the same after reform as it would have been under the 
current system. 

“Tf we don’t stop it now, the proposed regulation will 
nullify projected increases for primary care physicians 
and for all physicians practicing in rural areas,” Todd 
stated. “In addition, the projected reduction for certain 
services could cause some physicians to be paid less 
than they receive for the same services under 
Medicaid.” 

The AMA has supported the RBRVS, with assur- 
ances from Congress that the new payment system 
would be implemented in a budget-neutral manner. 
When the June 5, 1991, Federal Register was released 
with the proposed 16% reduction in the conversion 
factor, the AMA was outraged.' Todd explained that, 
under the newly propounded rules, “Proposed in- 
creases for primary care and rural services will be 
scaled back or reversed, contrary to Congress’ intent.” 

The AMA views the conversion factor problem as 
threefold: 

1. The proposed rules include a “behavioral (volume) 
offset” to account for anticipated volume increases. 
Behavioral offset is the presumption that physicians 
will increase their volume of services when payments 
are reduced. The AMA contends that Congress already 
has a tool to deal with volume increases—the Medicare 
Volume Performance Standard (MVPS).** “The MVPS 
is used to adjust physician payments as a result of 
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volume increases, making a behavioral offset redun- 
dant,” Todd explained. 

2. The HCFA maintains that the conversion factor 
must be reduced to maintain budget neutrality since, in 
1992, payments for increased services will change at a 
rate faster than for reduced services. The AMA consid- 
ers this asymmetric and is calling for a correction of this 
problem. 

3. Under the 1992 transition provision, Medicare 
payments for most services in 1992 will be a blend of the 
new payment schedule and adjusted current payments. 
Therefore, the HCFA has estimated that it is necessary 
to reduce the conversion factor by 3% to obtain each 1% 
reduction in payments. This “tripling effect” means 
that a 16% reduction in the conversion factor is required 
to produce the 5% reduction in Medicare payments that 
the HCFA estimates is necessary to maintain budget 
neutrality in 1992. The AMA contends that, contrary to 
congressional intent, the conversion factor reductions 
transform the new payment system into a budget-cut- 
ting device. 

To reverse the proposed conversion factor reduction, 
the AMA is seeking: 

e A congressional directive that the HCFA use no 
“behavioral offset.” In case a behavioral offset is al- 
lowed, the AMA is seeking a legislative mandate that 
the HCFA assume that volume will be reduced where 
payments increase, which would reduce the offset to 
about 1% rather than 3%; 

e Clarification that the Omnibus Budget Reconcilia- 
tion Act of 1989 (OBRA 89)‘ neither requires nor allows 
the HCFA to cut payments, because the 1992 transition 
might not be budget-neutral. If a transition formula 
correction is allowed, the AMA will seek a requirement 
that any such adjustment be applied to the historical 
payment basis only, not to the conversion factor; and 

è Elimination of the tripling effect of applying all 
adjustments to the conversion factor. 

The AMA is urging physicians to contact legislative 
leaders with their concerns regarding the proposed 
physician payment schedule and its effects on the quali- 
ty of health care. 

JULIE FOREMAN 
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Book Reviews 


Edited by Daniel M. Albert, MD 


Dictionary of Eye Terminology, 2nd edi- 
tion, by Barbara Cassin and Sheila Solomon, 
edited by Melvin L. Rubin, 286 pp with illus, 
Gainesviile, Fla, Triad Publishing Company 
Inc, 1990, $17.95. 


In this book, Cassin and Solomon 
have again succeeded in making oph- 
thalmic terminology accessible and un- 
derstandable to persons outside the 
field of ophthalmology. This paperback 
is one-third larger than its antecedent 
and contains more than 4000 “eye 
words” defined in simple layman’s 
terms. 

“... a must for every ophthal- 
mologist’s office.” 


The illustrations of the eye, orbit, and 
visual pathway on page 2 are an excel- 
lent idea. Unfortunately, the eye illus- 
tration lacks detail. It would have been 
more informative if the authors had pro- 
vided more detailed illustrations, in- 
cluding photographs of cross sections of 
the globe. 

In the section on abbreviations, Cas- 
sin and Solomon list more than 400 com- 
monly (and uncommonly) used abbrevi- 
ations and acronyms, which is an 
excellent and handy source for the read- 
er. Definitions of some acronyms are 
confusing; however, this reflects the va- 
riety of clinical usage. For example, the 
acronym PC has six definitions, and LE 
can mean left eye, left esotropia, or lu- 
pus erythematosus. Some acronyms are 
not commonly used in ophthalmology: 
CRF for chronic renal failure or cortico- 
tropin-releasing factor. In addition, 
other acronyms are distinctly uncom- 
mon in ophthalmology: DOA for dead on 
arrival or DNR for do not resuscitate. 
Some ophthalmic acronyms are not 
found: ARN for acute retinal necrosis, 
AOFPED for adult onset foveal pig- 
ment epithelial dystrophy, FEV for fa- 
milial exudative vitreoretinopathy, or 
PFC for perfluorocarbon liquids. 

As in most dictionaries, the main en- 
tries are printed in boldface type and 
appear in alphabetical order. Most en- 
tries have a general heading, such as 
“Optical Device” or “Surgical Proce- 


dure,” and a synonymous cross-refer- 
ence. The dictionary is extensive and 
includes definitions for Bloch-Sulz- 
berger syndrome and Cloquet’s canal as 
well as common terms such as cataract 
and Healon. There are a number of drug 
entries, including Wydase, Healon, and 
many mydriatic agents. However, no 
dictionary can be all-encompassing and 
a number of entries, including choroidal 
osteoma, Ocufen, and Viscoat, are ab- 
sent. Interestingly, there are entries 
for commonly misspelled words such as 
“Airvin-Gass” for Irvine-Gass, Beil- 
showsky for Bielschowsky, and zylo- 
caine for wylocaine. This handy refer- 
ence includes new entries such as 
capsulorrhexis, perfluoropropane, and 
sulfur hexafluoride. 

In summary, the Dictionary of Eye 
Terminology is excellent for secretar- 
ies, nurses, ophthalmic technicians, and 
medical students. Its comprehensive 
coverage of ophthalmic terminology is a 
must for every ophthalmologist’s office. 


MARKS. HUGHES, MD 
Boston, Mass 


Glaucomes a Pression Normale/Normal 
Pressure Glaucomas, edited by Alain 
Bechetoille, 256 pp with illus, Angers, France, 
Japperenard, 1990, $52. 


This book, published in French and 
English, is a compendium of presenta- 
tions by 16 noted authorities on the optic 
disc and glaucoma given at a symposium 
in June 1989 in Angers, France. Among 
the authors were Stephen Drance, Josef 

“ . . this major educational op- 
portunity was hindered by poor lay- 
out and editing.” 


Flammer, Jost Jonas, and Bernard 
Schwartz. Seldom has there been such 
an opportunity for seminal knowledge 
to be disseminated on a most vexing 
clinical problem. However, this major 
educational opportunity was hindered 
by poor layout and editing. 

This bilingual book allows English- 
speaking students to test their knowl- 
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edge in translating French prose. Un- 
fortunately, the articles are not 
translated simultaneously in parallel 
columns, but are arranged in segments 
that jump schizophrenically between 
languages. For example, a beautiful 
biographie tribute to Albrecht von 
Graefe by Pierre Amalric begins in 
French on page 11, switches to English 
on page 12, resumes in French on page 
13, continues in English on pages 17 and 
18, and then jumps to French on pages 
19 and 20 before concluding in English 
on pages 21 and 22. The readers are 
never referred to the continuation page 
in the language being read. Instead, 
they must hunt for the appropriate lan- 
guage text. Presentations are listed in 
the table of contents in the language of 
the presenter. Some titles are in 
French, and others are in English (par- 
lez vous Frenglish?). 

Many other editing errors exist. A 
paragraph at the bottom of page 9 is 
repeated on page 10. A similar text rep- 
etition occurs on pages 49 and 56. The 
references for that presentation appear 
in a box on page 56 in the middle of the 
English text and not at its conclusion. 
Words are incorrectly hyphenated, and 
misspellings and translation errors are 
common. The questions and answers at 
the end of the presentations are trans- 
lated for some articles and not for oth- 
ers. On page 130 some questions are in 
English and their answers are in 
French! 

If readers have the patience to contin- 
ue in spite of these daunting barriers to 
bilingual communication, they will be 
rewarded. The text contains valuable 
information for the glaucoma specialist 
and for the comprehensive ophthalmol- 
ogist wishing to remain current on tech- 
niques for evaluating the optic nerve 
and visual fields, and for the diagnosis 
and treatment of normal pressure glau- 
coma. Bechetoille provides an informa- 
tive, short description of the functional 
anatomy and formation of the optic 
nerve as well as a separate and under- 
standable presentation on nerve fiber 
layer photography. Jonas provides an 
excellent introduction to disc morphom- 
etry that includes demographic infor- 
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mation on various measurement param- 
eters and an introduction to the zones of 
parapapillary atrophy. Finally, 
Schwartz and associates discuss glauco- 
malike discs and the possibility that 
they represent a reservoir population 
for those who will progress to visual 
field loss and normal tension glaucoma. 
Many other worthwhile articles could 
be cited. Articles are well illustrated 
and captions are bilingual. 

As the reviewer of this book, I find 
myself condemning the medium while 
praising the message. The presenters 
are to be commended for their lucid 
summaries involving technical aspects 
ofa most difficult clinical problem. How- 
ever, if future bilingual meetings are to 
be documented, more editorial struc- 
ture must be given for the benefit of 
prospective readers. 

JOSEPH W. SASSANI, MD 
Hershey, Pa 


Eyelid Surgery, by J. Earl Rathbun, 290 
pp with illus, Boston, Mass, Little Brown & Co 
Inc, 1990, $150. 


This book represents one of the better 
efforts in recent years to provide a clear 
and concise “how to” method of basic 
oculoplastic techniques. Rathbun is a 
prominent oculoplastic surgeon, in 
practice for 25 years, who has been able 
to distill a comprehensive summary of 
common eyelid procedures from his ex- 
tensive surgical experience. 


“Rathbun. . . has been able to 
distill a comprehensive summary of 
common eyelid procedures from his 
extensive surgical experience.” 


The book contains 10 chapters, in- 
cluding eyelid anatomy, basic surgical 
techniques, entropion and ectropion re- 
pair, trichiasis treatment, eyelid and 
canthal reconstruction, eyelid trauma, 
blepharoplasty and brow elevation, pto- 
sis, and eyelid retraction surgery. Eye- 
lid Surgery has a large number of excel- 
lent color photographs, along with brief 
descriptions of the pathophysiology for 
each clinical entity. The illustrations by 
Denise Mattos are also nicely dia- 
gramed, and even the style of printed 
text is “reader-friendly.” An appropri- 
ate bibliography of important refer- 
ences is listed at the end of each chapter 
as well. 

As a single-authored book, Eyelid 
Surgery has a consistency of style often 
lacking in multiauthored books. Rath- 
bun’s style is perhaps best exemplified 
in the chapters on eyelid malposition. 
Rather than try to cover many of the 
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approximately 100 different ways to ad- 
just an involutional entropion, Rathbun 
wisely elected to explain and clarify only 
a few techniques that work for him, 
making the text easier to follow. 

I found only a few significant prob- 
lems in this book. Several black-and- 
white photographs are of poor quality in 
comparison with the contrasting, high- 
quality color photographs. Further- 
more, there is no mention of two recent 
promising developments in eyelid sur- 
gery: the use of gold weight implants for 
the treatment of paralytic lagophthal- 
mos and the application of botulinum 
toxin in eyelid spasms and facial 
dystonias. 

Eyelid Surgery would make an excel- 
lent addition to the medical library of 
general ophthalmologists and plastic 
surgeons. In addition to providing an 
easily accessible review of common ocu- 
loplastic surgical techniques, the book 
presents the pathophysiology of the un- 
derlying associated eyelid disorders as 
well. 

DANIEL J. TOWNSEND, MD 
Boston, Mass 


Manual of Fundus Fluorescein Angiog- 
raphy, by Amresh Chopdar, 134 pp with illus, 
Stoneham, Mass, Butterworths, 1989, $72. 


The author's stated purpose is to pro- 
vide “a detailed and comprehensive ac- 
count of fluorescein angiographic find- 
ings of retinal disorders.” He has 
assembled a collection of beautiful color 
photographs and fluorescein angio- 
grams for this concise volume. Al- 
though the illustrations are of superb 
quality, the accompanying text is exces- 
sively brief and inconsistent and does 
not provide “detailed” or “comprehen- 
sive” coverage of this complex and 
broad subject. 


“ ... high-quality illustrations 
.... However. . . this book cannot 
be recommended as a primary text 


” 


The first chapter describes the prop- 
erties of fluorescein, and recapitulates 
the history of and process for obtaining 
an angiogram. The following two chap- 
ters discuss normal and abnormal angio- 
graphic findings. These two chapters 
combined contain five pages of figures 
and four pages of explanatory text. 

The remainder of the book is divided 
by subject into the following chapters: 
“Retinal Vascular Disorders,” “Macular 
Disorders,” “Central Serous Retinopa- 
thy,” “Macular Dystrophies,” “Choroi- 
dal Disorders,” “Diseases of the Optic 
Nerve Head,” “Intraocular Tumors,” 


and “Diabetic Retinopathy.” The con- 
tent of this book is not balanced. For 
example, the rare condition, Takayasu's 
disease, with a full page of illustrations, 
is included in the chapter on retinal vas- 
cular disease, but the much more com- 
mon condition, acute posterior multifo- 
cal placoid pigment epitheliopathy, is 
not mentioned anywhere in the book. 
The chapter on choroidal diseases is par- 
ticularly weak. As the only example of 
“choroiditis,” photographs and angio- 
grams of inactive toxoplasmosis scars 
are shown, 

The explanatory text and figure leg- 
ends are extremely brief and contain 
potential sources of confusion, and 
even, misinformation. In the chapter on 
macular dystrophies, it is stated that 
Stargardt’s disease and fundus flavima- 
culatus are accepted to be the same dis- 
ease, but the figure legends repeatedly 
imply that they are distinct entities. An 
incorrect explanation of myelinated 
nerve fibers is given: “. . . nerve fibers 
fail to demyelinate during the later part 
of intrauterine life.” Figure 10.6 beauti- 
fully illustrates what clearly appears to 
be a peripapillary capillary hemangio- 
ma. The legend describes the photo- 
graphic and angiographic findings ap- 
propriately, but calls the lesion a 
juxtapapillary-combined hamartoma. 
There are many other points with which 
retina experts will likely take issue. In 
addition, the writing style is frequently 
awkward, as in this description of a mac- 
ular hole: “Fluorescein angiography 
shows a circular zone of punctate hyper- 
fluorescein corresponding to the red 
round area due to atrophy of the retinal 
pigment epithelium during the prear- 
terial phase.” 

New students of fluorescein angiog- 
raphy may wish to peruse this book for 
its high-quality illustrations of the more 
common retinal diseases. However, be- 
cause of the inconsistency of the text, 
this book cannot be recommended as a 
primary text for learning fundus dis- 
ease or cultivating skills of angiographic 
interpretation. More experienced read- 
ers will find the depth and scope of the 
book limited, and will likely be frustrat- 
ed by its other shortcomings. 

DAVID WEINBERG, MD 
Boston, Mass 


Books Received 


The Three in One Ophthalmology Code 
Book: CPT, HCPCS, Level II, ICD-9-CM, by 
Technical Staff Editors, 90 pp, Alexandria, Va, St. 
Anthony's Publishing Ine, 1990, $115. 

St. Anthony’s ICD-9-CM Specialty Code 


Book—Ophthalmology 1991, Alexandria, Va, 
St. Anthony’s Publishing Ine, 1990, $129. 
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Questions and Answers 


Edited by Stewart MacKay Wolff, MD 


The rapid and complex advances in ophthalmic science make it difficult to keep up with the many changes 
that are occurring in our specialty. The ARCHIVES solicits your questions and requests that they be clearly 
stated and reasonably focused. We cannot expect our consultants to respond to questions that are too wide 
ranging and not clearly defined. Please limit your questions to five or six double-spaced lines and follow the 
guidelines put forth in our “Instructions for Authors” (see Table of Contents for issue information). A signed 
copyright transmittal letter to the AMA should accompany all submissions. We have asked our referees to 
limit their answers to 35 lines. Questions should be sent to Stewart M. Wolff, MD, 11 E Chase St, Baltimore, 
MD 21202. We will do our best to provide answers to all appropriate questions. 


Seven-Millimeter Medial Rectus Recessions and Large- 
Angle Esotropia 


Q Is it safe to perform 7-mm recessions of the medial recti in 
large-angle esotropia? 


A For several years many surgeons treating strabismus 

have performed 7-mm medial rectus recessions for 
treatment of large-angle esotropia, while others have avoided 
recessions beyond 5 or 6 mm because of concerns about adduc- 
tion or convergence deficits after surgery or an increased 
incidence of consecutive exotropia. Recent data attest to the 
efficacy and safety of this procedure. 

A 7-mm recession of the medial rectus results in only an 8% 
loss of torque and a 24% reduction in length when the eye is 
adducted 20° (the practical limit of ocular motility). However, 
the change in eye position (straightening) after surgery may 
counteract the expected shortening effect by 50% or more. 
Thus, a 7-mm recession in large-angle esotropia would be 
expected to reduce muscle length by only about 16%, with the 
muscle developing just approximately 80% of maximal muscle 
tension in the 20° adducted position. These modest reductions 
in torque and tension are unlikely to produce clinically signifi- 
cant adduction or convergence deficits, as our practical expe- 
rience to date has shown. 

Success rates after bilateral 7-mm medial rectus recessions 
for angles of strabismus larger than 50 prism diopters range 
from 60% to 90%. These results are as good as the results of 
operating on three or four muscles at once and far superior to 
smaller medial rectus recessions (eg, 5-mm recessions) alone. 
To my knowledge, in no study to date has postoperative 
adduction or convergence deficit been a problem after 7-mm 
rectus recession, nor is the incidence of consecutive exotropia 
higher than it is after three or four muscle procedures. How- 
ever, follow-up in these studies has been limited to less than 
5 years. 

Patients in whom 7-mm bimedial rectus recessions are 
performed should be selected with some caution. Patients 
should have 55 to 60 prism diopters or more of constant 
esotropia. Seven-millimeter rectus recession should be avoid- 
ed in patients with smaller or variable angles of strabismus, as 
well as in infants with histories of significant prematurity or 
evidence of cerebral palsy or other neurologic impairment 
(because of their generally unpredictable response to strabis- 
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mus surgery). The procedure can be technically difficult; a 


trained assistant is helpful for adequate exposure. 
DAVID R. WEAKLEY, JR, MD 
Dallas, Tex 


DNA Testing for Retinoblastoma 


Q Is presymptomatic genetic diagnosis of retinoblastoma 
possible? In what situations are the investigations 
informative? 


A Since the cloning of the retinoblastoma gene in 1986, it has 

been technically feasible to perform DNA testing on 
blood or tumor samples from patients with retinoblastoma and 
their relatives to distinguish individuals at high risk of develop- 
ing the disease from those at virtually no increased risk of 
developing the disease. In practice, it has taken a number of 
year's to develop the technology. First, the entire gene had to be 
mapped, and highly informative DNA polymorphisms had to be 
identified within the gene. The gene proved to be relatively 
large (about 180 000 base pairs of DNA), and new procedures to 
detect point mutations (the most common type of defect) in this 
large gene had to be developed. 

For these advances to benefit patients in a timely manner, the 
Retinoblastoma Diagnostic Service was created at the Massa- 
chusetts Eye and Ear Infirmary, Boston, in 1988. As of March, 
1991, this clinical testing laboratory has analyzed samples from 
more than 170 families. The testing is labor intensive and, 
consequently, expensive, costing $1200 for a family of up to four 
members. However, it is cost-effective in most cases because it 
can often identify children who are at no increased risk and 
thereby eliminate the need for periodic eye examinations re- 
quiring anesthesia. Unfortunately, in some cases it is impossible 
to identify the mutant chromosome, and the testing then does 
not provide useful results. The familial situations most likely to 
produce helpful results include families with known hereditary 
retinoblastoma (either two or more affected individuals or one 
affected individual with bilateral disease) and families in which a 
tumor fragment is available from an affected member. Testing 
only infrequently provides helpful information to families with 
only one affected member with unilateral disease and no avail- 
able tumor fragment. 

THADDEUS P. DryJA, MD 
Boston, Mass 


Questions and Answers 


News and Comment 





Michael A. Kass, MD, to Become 
Editor of American Journal of Oph- 
thalmology.—Michael A. Kass, MD, 
was recently named the new editor of 
the American Journal of Ophthalmolo- 
gy. He will assume his new post on Janu- 
ary 1, 1992. Dr Kass is professor in the 
Department of Ophthalmology at the 
Washington University School of Medi- 
cine, St Louis, Mo. He received his med- 
ical degree from Northwestern Univer- 
sity Medical School, Chicago, Ill, and 
completed a clinical fellowship in glau- 
coma and was chief resident in the De- 
partment of Ophthalmology at Wash- 
ington University School of Medicine. 
The editors of the ARCHIVES extend 
their best wishes to Dr Kass in his new 
position. 

New Officers Announced.—The 
Section of Ophthalmology of the New 
York Academy of Medicine has an- 
nounced the following new officers: 
Ronald M. Burde, MD, chairman of the 
Department of Ophthalmology, Monte- 
fiore Medical Center, New York, NY, 
as chairman, and Robert Ritch, MD, 
professor of Clinical Ophthalmology and 
Chief of the Glaucoma Service at the 
New York (NY) Eye and Ear Infirma- 
ry, as secretary. 

Marvin Kwitko, MD, Appointed 
Chairman. — Marvin Kwitko, MD, has 
been appointed chairman of the Adviso- 
ry Committee on the Excimer Laser for 
Health and Welfare, Canada. The com- 
mittee advises on the use of protocols in 
the clinical investigation of excimer la- 
ser treatment in ophthalmic proce- 
dures. Dr Kwitko is president of the 
Canadian Implant Association and as- 

‘sistant professor at McGill University, 
Montreal, Quebec. 

Lawrence J. Singerman, MD, Pro- 
moted.—Lawrence J. Singerman, MD, 
has been promoted to clinical professor 
of surgery in the Department of Oph- 
thalmology at Case Western Reserve 
University in Cleveland, Ohio. Dr Sin- 
german received his medical degree 
from Wayne State University in De- 
troit, Mich. He did his residency at Mt 
Sinai-Cleveland, and completed his fel- 
lowship in retina/vitreous at the Wilmer 
Eye Institute, The Johns Hopkins Uni- 
versity Hospital, Baltimore, Md. He 
serves as the executive secretary of the 
Macula Society. 


Barrett G. Haik, MD, Appointed to 
Professorship. — Barrett G. Haik, MD, 
has been appointed the first recipient of 
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Barrett G. Haik, MD 


the George M. Haik, Sr, MD-St Giles 
Foundation professorship of pediatric 
and adult ophthalmic oncology at the 
Tulane University School of Medicine, 
New Orleans, La. Dr Haik has been a 
member of the Tulane Medical School 
faculty since 1986, and was recently ap- 
pointed clinical professor of pediatrics. 
He received his medical degree and 
Master of Science in Anatomy from 
Louisiana State University and com- 
pleted his residency at the Edward S. 
Harkness Eye Institute of Colum- 
bia—Presbyterian Medical Center in 
New York City. Dr Haik directs the 
Tulane University Ophthalmic Oncolo- 
gy Service. 


New Officers Elected.—The Chica- 
go Ophthalmological Society has elected 
the following officers for 1991-1992: 
Karl W. Scheribel, MD, president; Al- 
len Putterman, MD, vice president; 
Elise Torezynski, MD, president- 
elect; and Alan Axelrod, MD, secre- 
tary-treasurer. 


Robert Folberg, MD, Named to 
Frederick C. Blodi Professorship. — 
Robert Folberg, MD, professor of oph- 
thalmology at the University of Iowa, 
Iowa City, has been named to the newly 
established Frederick C. Blodi Profes- 
sorship of Ophthalmology. Dr Folberg 
holds a joint appointment as professor of 
ophthalmology and pathology, and is di- 
rector of the Ophthalmic Pathology 
Laboratory. He is recipient of a Re- 





Frederick C. Blodi, MD (left), confers with 
Robert Folberg, MD, recipient of the Freder- 
ick C. Blodi Professorship of Ophthalmology. 





\ Be 
John G. Clarkson, MD 


search to Prevent Blindness Senior Sci- 
entific Investigator Award and is cur- 
rently receiving sponsorship from the 
National Eye Institute for his research 
on the development of an experimental 
model for ocular melanoma. Frederick 
C. Blodi, MD, served as head of the 
University of Iowa Department of Oph- 
thalmology from 1967 to 1985 and was 
editor of the ARCHIVES from 1976 to 
1984. 


John G. Clarkson, MD, Appointed 
Chairman at Bascom Palmer Eye In- 
stitute.—John G. Clarkson, MD, was 
recently appointed chairman of the De- 
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partment of Ophthalmology at Bascom 
Palmer Eye Institute, Miami, Fla. Dr 
Clarkson, a specialist in retina-vitreous 
ophthalmology, trained at the Universi- 
ty of Miami School of Medicine in Flori- 
da; University Hospital in Boston, 
Mass; and the Wilmer Eye Institute, 
The Johns Hopkins University Hospi- 
tal, Baltimore, Md. He is a member of 
the American Academy of Ophthalmol- 
ogy, The Retina Society, the Club Jules 
Gonin, and the Macula Society, for 
which he has served as president. 


Patrick R. Langone Named Nation- 
al Volunteer Chairman of “Share the 
Vision.” —Patrick R. Langone of Mid- 
dleton, Mass, has been named the Na- 
tional Volunteer Chairman of “Share 
the Vision,” a national program to sup- 
port eye research sponsored by the 
Guild of Prescription Opticians of 
America and Tissue Banks Internation- 
al. “Share the Vision” provides financial 
support for grants and eye tissue proj- 
ects researching the causes and cures 
for human blindness. Mr Langone, for- 
mer president of the Massachusetts As- 
sociation of Registered Dispensing Op- 
ticians, was recently named to a 3-year 
term on the Board of Directors of the 
Opticians Association of America and 
will serve on the board of directors of 
Tissue Banks International. 



































Patrick R. Langone 


Robert Ritch, MD, is New President 
of New York Society for Clinical Oph- 
thalmology.— Robert Ritch, MD, pro- 
fessor of clinical ophthalmology and 
chief of the Glaucoma Service at the 
New York Eye and Ear Infirmary, has 
been elected president of the New York 
Society for Clinical Ophthalmology for 
1991-1992. Other newly elected officers 
are: Frederick M. Wand, MD, chair- 





Robert Ritch, MD 


Stanley 
Chang, MD, chairman, membership 
committee; Thomas O. Muldoon, MD, 
treasurer; Ronald M. Burde, MD, re- 
cording secretary; Dorothy N. Fried- 
berg, corresponding secretary; and 
Kevin C. Greenidge, MD, historian. 


man, program committee; 





Obituaries 


BRENNAN, James W., 75, Buffalo, 
NY; State University of New York at 
Buffalo, School of Medicine and Bio- 
medical Science, 1938; residency, Belle- 
vue Hospital Center, 1943; certified by 
the American Board of Ophthalmology; 
died April 15, 1991. 


ECHOLS, Porter Burks, 88, Lynch- 
burg, Va; University of Virginia School 
of Medicine, 1925; died December 23, 
1990. 


GOODSON, Samuel Bernard, 76, 
Monrovia, Calif; University of Illinois 
College of Medicine, 1942; residency, 
United Hospitals Medical Center, 1952; 
died January 21, 1991. 


HALL, Albert Winter, 96, La Grange 
Park, Ill; Northwestern University 
Medical School, 1925; died April 16, 
1991. 


HART, N. Leon, 75, New Orleans, La; 
Louisiana State University School of 
Medicine, 1939; residency, Charity 
Hospital of Louisiana, 1942; certified by 
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the American Board of Ophthalmology; 
died November 11, 1990. 


HAVENER, William Henry, 66, Co- 
lumbus, Ohio; Case Western Reserve 
University School of Medicine, 1948; 
residency, University of Michigan Hos- 
pitals, 1954; certified by the American 
Board of Ophthalmology; died March 7, 
1991. 


KEIBER, H. Frederick, 76, Winter 
Haven, Fla; State University of New 
York Science Center at Brooklyn, Col- 
lege of Medicine, 1938; died January 28, 
1991. 


KRAUSE, Irving Sanford, 74, San 
Diego, Calif; University of Illinois Col- 
lege of Medicine, 1943; residency, Mi- 
chael Reese Hospital-Medical Center; 
died August 9, 1990. 


SURRATT, Mary A. Norris, 76, India- 
napolis, Ind; Indiana University School 
of Medicine, 1937; residency, Indiana 
University Medical Center Hospital, 
1941; certified by the American Board of 
Ophthalmology; died February 22, 
1991. 
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TONREY, Francis G., 90, Delray 
Beach, Fla; Jefferson Medical Col- 
lege-Thomas Jefferson University, 
1924; died April 6, 1989. 


TRENT, Robert Irvine, 83, Oklahoma 
City, Okla; University of Virginia 
School of Medicine, 1933; residency, 
The Johns Hopkins Hospital, 1936, 
Wills Eye Hospital, 1938; certified by 
the American Board of Ophthalmology; 
died February 12, 1991. 


VROOMAN, Carl Oswell, 89, Scars- 
dale, NY; Queens University Facility of 
Medicine, 1928; residency, New York 
Eye and Ear Infirmary, 1934; certified 
by the American Board of Ophthalmolo- 
gy; died April 6, 1991. 


WILHELM, Harry Wesley, 60, Win- 
ter Park, Fla; George Washington Uni- 
versity, School of Medicine and Health 
Science, 1956; residency, Bethesda Na- 
val Hospital, 1964; “certified by the 
American Board of Ophthalmology; 
died July 27, 1990. 
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Sterile Ophthalmic Solution 


CONTRAINDICATIONS: Hypersensitivity to any component of 
this product. 

OPTIPRANOLOLT Ophthalmic Solution is contraindicated in patients 
with bronchial asthma or a history of bronchial asthma, or severe 
chronic obstructive pulmonary disease; symptomatic sinus bradycardia; 
greater than a first degree atrioventricular block; cardiogenic shock; 
or overt cardiac failure. 

WARNINGS: As with other to cay applied ophthalmic drugs, this 
drug may be absorbed systemically. Thus, the same adverse reactions 
found with systemic administration of beta-adrenergic blocking agents 
may occur with topical administration, For example, severe respiratory 
reactions and cardiac reactions, Ficaxing paih due to bronchospasm 
in jaena with asthma, and rarely, death in association with cardiac 
failure, have been reported Jorang onea Sopieaton of beta- 
adrenergic blocking agents (see CONTRAINDICATIONS). 

Since OPTIPRANOLOLTM Ophthalmic Solution had a minor effect on 
heart rate and blood pressure in clinical studies, caution should be 
observed in reing tients with a Late cardiac failure. Treatment 
with OPTIPRANOLOLT™ Ophthalmic Solution should be discontinued 
at the first evidence of cardiac failure. 

OPTIPRANOLOLTM Ophthalmic Solution, or other beta blockers, 
should not, in general, be administered to patients with chronic 
obstructive pulmonary disease leg, chronic bronchitis, Chile 
of mild or moderate severity (see CONTRAINDICATIONS). However, 
if the drug is necessary in such patients, then it should be administered 
with caution since it may block bronchodilation produced by 
endogenous and exogenous catecholamine stimulation of betaz 
receptors. 

PRECAUTIONS: General: Because of potential effects of beta- 
adrenerge recepior Docking agents relative to blood pressure and 
pulse, these agents should be used with caution in patients with 
cerebrovascular imate); It rl of symptoms suggesting reduced 
cerebral blood flow develop following initiation of therapy with 
OPTIPRANOLOLTM Ophthalmic Solution, alternative therapy should 
be considered. 

Some authorities recommend gradual withdrawal of beta-adrenergic 
receptor blocking agents in patients undergoing elective surgery If 
necessary during surgery, the effects of beta-adrenergic receptor 
blocking agents may be reversed by sufficient doses of such agonists 
as isoproterenol, dopamine, dobutamine or levarterenol 

While OPTIPRANOLOLTM Ophthalmic Solution has demonstrated a 
low potential for systemic effect, it should be used with caution in 
patients with diabetes (especially labile diabetes) because of possible 
masking of signs and symptoms of acute hypoglycemia. 
deel receptor blocking agents may mask certain signs and 
symptoms of hyperthyroidism, and their abrupt withdrawal might 
precipitate a thyroid storm. 

Beta-adrenergic blockade has been reported to potentiate muscle 
weakness consistent with certain myasthenic symptoms (e.g., diplopia, 
ptosis, and generalized weakness). 

Risk of anaphylactic reaction: While taking beta-blockers, patients with 
a history of severe anaphylactic reaction to a variety of allergens may 
be more reactive to repeated challenge, either accidental, diagnostic, 
or therapeutic. Such patients may be unresponsive to the usual doses 
of epinephrine used to treat allergic reaction. 

Drug Interactions: OPTIPRANOLOLTM Ophthalmic Solution should 
be used with caution in patients who are receiving a beta-adrenergic 
blocking agent orally, because of the potential for additive effects on 
systemic beta-blockade. 

Close observation of the patient is recommended when a beta-blocker 
is administered to patients receiving catecholamine-depleting drugs 
such as mei; because of possible additive effects and tl 
production of hypotension and/or bradycardia. 

Caution should be used in the coadministration of beta-adrenergic 
receptor blocking agents, such as metipranolol, and oral or intravenous 
calcium channel antagonists, because of possible precipitation of left 
ventricular failure, and hypotension. In patients with impaired cardiac 
function, who are receiving calcium channel antagonists, 
coadministration should be avoided. 

The concomitant use of beta-adrenergic receptor blocking agents with 
digitalis and calcium channel antagonists may have additive effects, 
prolonging arterioventricular conduction time. 

Caution should be used in patients using concomitant adrenergic 
psychotropic drugs. 

Ocular: In patients with angle-closure glaucoma, the immediate 
treatment objective is to re-open the angle by constriction of the pupil 
with a miotic agent. OPTIPRANOLOLTM Ophthalmic Solution has little 
or no effect on the pupil, therefore, when itis used to reduce intraocular 
pressure in angle-closure glaucoma, it should be used only with 
concomitant administration of a miotic agent 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Lifetime studies 
with metipranolol have been conducted in mice at oral doses of 5, 50, 
and 100 mg/kg/day and in rats at oral doses of up to 70 mg/kg/day. 
Metipranolol demonstrated no carcinogenic effect. In the mouse study, 
female animals receiving the low, but not the intermediate or high dose, 
had an increased number of pulmonary adenomas, The significance 
of this observation is unknown. In a variety of a wiro and in vo bacterial 
and mammalian cell assays, metipranolol was nonmutagenic 
Reproduction and fertility studies of metipranoiol in rats and mice 
showed no adverse effect on male fertility at oral doses of up to 50 
mg/kg/day, and female fertility at oral doses of up to 25 mg/kg/day 
Pregnan: Pregnancy Category C: No drug related effects were 
reported for the segment Il teratology study in fetal rats after 
administration, during organogenesis, to dams of up to 50 mg/kg/ day. 
OPTIPRANOLOLTM Ophthalmic Solution has been shown to increase 
fetal. resorption, fetal death, and delayed development when 
administered orally to rabbits at 50 mg/kg during organogenesis. 
There are no adequate and well-controlled studies in pregnant women 
OPTIPRANOLOLTM Ophthalmic Solution should be used during 
paguo only if the potential benefit justifies the potential risk to the 
etus 

Nursing Mothers: It is not known whether OPTIPRANOLOLTM 
Ophthalmic Solution is excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when 
OPTIPRANOLOLTM Ophthalmic Solution is administered to nursing 
women. 

Pediatric Use: Safety and effectiveness in children have not 
been established. 

ADVERSE REACTIONS: |n clinical trials, the use of 
OPTIPRANOLOLTM Ophthalmic Solution has been associated with 
transient local discomfort 

Other ocular adverse reactions, such as conjunctivitis, eyelid dermatitis, 
blepharitis, blurred vision, tearing, browache, abnormal vision, 
photophobia, and edema have been reported in small numbers of 
patients, either in U.S. clinical trials or from post-marketing experience 
in Europe. 

Other systemic adverse reactions, such as allergic reaction, headache, 
asthenia, hypertension, myocardial infarct, atrial fibrillation, angina, 
palpitation, bradycardia, nausea, rhinitis, dyspnea, epistaxis, bronchitis, 
coughing, dizziness, prety depression, somnolence, nervousness, 
arthritis, myalgia, and rash have also been reported in small numbers 
of patients 
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Millions Go 
Widely Untreated 


A Depression Teleconference sponsored by 
the American Medical Association and 
the National Institute of Mental Health 





According to the National Institute of Mental Health, over 10 million 
Americans will suffer from depression at least once in their lives. 


Most patients are not seen by mental health professionals, but by primary 


care physicians. 


The American Medical Association and the National Institute of Mental 
Health are sponsoring a three-part teleconference at no cost to you, offering 
the primary care physician important information on diagnosing and 
treating depression among patients. 


You are invited, and encouraged, to attend this important series. There will 
be numerous satellite link-ups at hospitals throughout the United States. 
Call now to register and to find out the location nearest you. 


Schedule: 
Program One: 


Program Two: 


Program Three: 


To register for this 
free teleconference 
and to find out the 
location nearest you, 
call TOLL-FREE 1- 
800-262-3211. 





Epidemiology, Etiology, Diagnosis 
October 24, 1991 
2:00-3:30 pm (ET) 


Treatment: Pharmacology and Psychotherapy 
November 21, 1991 
2:00-3:30 pm (ET) 


Depression Among Special Populations 
December 11, 1991 
2:00-3:30 pm (ET) 


The American Medical Association is accredited by the Accreditation 
Council for Continuing Medical Education to sponsor continuing medical 
education for physicians. The American Medical Association designates this 
continuing medical education activity for 1.5 credit hours of Category 1 of 
the Physician’s Recognition Award of the American Medical Association. 


This program has been reviewed and is acceptable for 1.5 prescribed hours 
by the American Academy of Family Physicians. 


The American College of Obstetricians and Gynecologists has assigned 2 
cognates (formal learning) to this program. 


The answer toa 
time-consuming task 


Credentials Verification — It’s important to both 
physicians and those evaluating them. Now 
available in your area, the National Physician 
Credentials Verification Service, AMA/NCVS™ 
can make the process easier and better. 


Here’s how 

For physicians: The AMA/NCVS sets up and 
maintains a permanent portfolio of verified 
information that can be used as the physician applies 
for licensure or privileges. The physician no longer 
needs to start from scratch each time an application 
is made. 


For hospitals/boards: The AMA/NCVS provides a 
summary report of core credentials that have been 
verified with primary sources. And for the core 
credentials it collects, the AMA/NCVS satisfies 
current standards defined in the Joint Commission 
Accreditation Manual for Hospitals for primary 
source verification. The credentials verifier no longer 
needs to reverify all information. 


The result 

It's called a win-win situation and, best of all, it’s 
operated by the most experienced provider of 
physician information: the American Medical 
Association. 


For information on the Service, contact your co- 
sponsoring Medical Society office or call the AMA 
at 1-800-677-NCVS. 


The AMA/NCVS — it means 
greater efficiency... quality assured. 


American Medical Association 





National 
Physician 
Credentials 
Verification 
Service™ 


Polytrim® Ophthalmic Solution Sterile 
(trimethoprim sulfate and polymyxin B sulfate) 


INDICATIONS AND USAGE: Polytrim Ophthalmic Solution is 
indicated in the treatment of surface ocular bacterial infections, 
including acute bacterial conjunctivitis, and blepharoconjunc- 
tivitis, caused by susceptible strains of the following microor- 
ganisms: Staphylococcus aureus, Staphylococcus epidermidis, 
Streptococcus pneumoniae, Streptococcus viridans, Haemophilus 
influenzae and Pseudomonas aeruginosa* * Efficacy for this or- 
ganism in this organ system was studied in fewer than 10 infec- 
tions. CONTRAINDICATIONS: Polytrim Ophthalmic Solution is 
contraindicated in patients with known hypersensitivity to any 
of its components. WARNINGS: NOT FOR INJECTION INTO THE 
EYE. If asensitivity reaction to Polytrim occurs, discontinue use. 
Polytrim Ophthalmic Solution is not indicated for the prophylaxis 
or treatment of ophthalmia neonatorum. PRECAUTIONS: 
General: As with other antimicrobial preparations, prolonged 
use may result in overgrowth of nonsusceptible organisms, 
including fungi. If superinfection occurs, appropriate therapy 
should be initiated. Information for Patients: Avoid contam- 
inating the applicator tip with material from the eye, fingers, or 
other source. This precaution is necessary if the sterility of the 
drops is to be maintained. If redness, irritation, swelling or pain 
persists or increases, discontinue use immediately and contact 
your physician. Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Carcinogenesis: Long-term studies in animals to 
evaluate carcinogenic potential have not been conducted with 
polymyxin B sulfate or trimethoprim. Mutagenesis: Trimetho- 
prim was demonstrated to be non-mutagenic in the Ames assay. 
In studies at two laboratories no chromosomal damage was 
detected in cultured Chinese hamster ovary cells at concentra- 
tions approximately 500 times human plasma levels after oral 
administration; at concentrations approximately 1000 times 
human plasma levels after oral administration in these same cells 
a low level of chromosomal damage was induced at one of the 
laboratories. Studies to evaluate mutagenic potential have not 
been conducted with polymyxin B sulfate. Impairment of Fer- 
tility: Polymyxin B sulfate has been reported to impair the 
motility of equine sperm, but its effects on male or female fertility 
are unknown. No adverse effects on fertility or general reproduc- 
tive performance were observed in rats given trimethoprim in 
oral dosages as high as 70 mg/kg/day for males and 14 mg/kg/day 
for females. Pregnancy: Teratogenic Effects: Pregnancy 
Category C. Animal reproduction studies have not been 
conducted with polymyxin B sulfate. It is not known whether 
polymyxin B sulfate can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity. Trimetho- 
prim has been shown to be teratogenic in the rat when given in 
oral doses 40 times the human dose. In some rabbit studies, the 
overall increase in fetal loss (dead and resorbed and malformed 
conceptuses) was associated with oral doses 6 times the human 
therapeutic dose. While there are no large well-controlled studies 
on the use of trimethoprim in pregnant women, Brumfitt and Pur- 
sell, in a retrospective study, reported the outcome of 186 preg- 
nancies during which the mother received either placebo or oral 
trimethoprim in combination with sulfamethoxazole. The inci- 
dence of congenital abnormalities was 4.5% (3 of 66) in those who 
received placebo and 3.3% (4 of 120) in those receiving trimetho- 
prim and sulfamethoxazole. There were no abnormalities in the 
10 children whose mothers received the drug during the first 
trimester. In a separate survey, Brumfitt and Pursell also found 
no congenital abnormalities in 35 children whose mothers had 
received oral trimethoprim and sulfamethoxazole at the time of 
conception or shortly thereafter. Because trimethoprim may 
interfere with folic acid metabolism, trimethoprim should be used 
during pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus. Nonteratogenic Effects: The oral adminis- 
tration of trimethoprim to rats at a dose of 70 mg/kg/day com- 
mencing with the last third of gestation and continuing through 
parturition and lactation caused no deleterious effects on gesta- 
tion or pup growth and survival. Pediatric Use: Safety and 
effectiveness in children below the age of 2 months have not been 
established (see WARNINGS). ADVERSE REACTIONS: The most 
frequent adverse reaction to Polytrim Ophthalmic Solution is local 
irritation consisting of transient burning or stinging, itching or 
increased redness on instillation. These reactions occur in less 
than 4 of 100 patients treated. Polytrim has a low incidence of 
hypersensitivity reactions (less than 2 of 100 patients treated) 
consisting of lid edema, itching, increased redness, tearing and/or 
circumocular rash. Although sensitivity reactions to trimethoprim 
are rare, an isolated incident of photosensitivity was reported 
in a patient who received the drug orally. 


© ALLERGAN PHARMACEUTICALS 


Allergan Pharmaceuticals, A Division of Allergan, Inc. 
Irvine, CA 92713 ©1990 Allergan, Inc. 





1215 


Polytrim Ophthalmic Solution, containi 
the antimicrobial agent trimethoprim, is 
new ophthalmic anti-infective to appe: 
years. And it may be one of the mos 


clinically effective in the treatment of acute 
bacterial conjunctivitis, blepharitis and blepharo- 
conjunctivitis in a rando J, double-masked 
comparative study. ! a 

In vitro, Polytrim Solution is active 
against the mo imon ocular pathogens, 
including v: Strains shown resistant to some 
other o ti-infectives, such as 


Whats Been Missing ‘The Broad-Spectrum 
From Your Coverage Of 


Ocular Anti-Infective _ Trimethoprim & 
Therapy? a Polymyxin B 


Streptococcus pneumoniae, Staphylococcus 
aureus, Haemophilus influenzae and 
Pseudomonas aeruginosa. ! In vitro data are not 
always predictive of clinical results. 

Polytrim Solution is well-tolerated, 
demonstrating no corneal toxicity in clinical 
trials. In a study involving over 800 patients, 
the incidence of hypersensitivity reactions was 
less than 2%. And that can mean better patient 
acceptance. 

So for effective, yet gentle, ocular anti- 
infective therapy, choose new Polytrim Solution. 

And experience well-tolerated, broad- 
spectrum ophthalmic coverage as you never 
have before. 


Polytrim 


Ophthalmic Solution Sterile 
(trimethoprim sulfate 0.1% & 
polymyxin B sulfate 10.000 units/mL) 


The everyday solution for broad- 
spectrum ocular anti-infective therapy: 
Polytrim Ophthalmic Solution is not indicated for the prophylaxis or 
treatment of ophthalmia neonatorum. 
1 Ashley KC. The antimicrobial activity of topical anti-infective eye 
- preparations. Med Lab Sci 1986;43:157162. 
“eh, Please see adjacent page for brief prescribing information. 
 ALLERGAN PHARMACEUTICALS Allergan Pharmaceuticals A Division of Allergan, Inc. Irvine, CA 92713 © 1990 Allergan, Inc. 
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Management of Subfoveal Choroidal 


Neovascularization 


A ge-related macular degeneration is ubiquitous. 
Nearly all older Americans have at least a few 
drusen, and many actually have the atrophic form of the 
disease. Fortunately, choroidal neovascularization 
(CNV) secondary to age-related macular degeneration 
is less prevalent, but its visual consequences can be 
devastating. The Macular Photocoagulation Study 
(MPS) Group has previously provided treatment rec- 
ommendations for eyes with CNV in which the posteri- 
or edge of the lesion is at least 1 pm from the foveal 


See also pp 1220, 1232, 1242, and 1258. 


center.’ Practically speaking, laser treatment was con- 
sidered whenever investigators judged that the CNV 
did not occupy the center of the foveal avascular zone. 
In day-to-day practice, however, many patients pre- 
sent with a lesion in which the CNV occupies the foveal 
avascular zone before any treatment has been applied. 
In this issue, three MPS articles address the treatment 
of patients who present with CNV, either new or recur- 
rent, in which the neovascular lesion occupies the foveal 
center.” 

In a nutshell, here are the findings: 

1. By 2 years after enrollment, patients with subfo- 
veal new vessels that met the eligibility criteria and 
who were treated according to the MPS protocol had 
better visual acuity (about 1.5 lines, on average) than 
patients who were not treated. 

2. For 3 to 6 months after enrollment, photocoagu- 
lated eyes had worse visual acuity than untreated eyes. 

3. Two years after enrollment, treated eyes were 
less likely to have severe visual loss (6 or more lines) 
than untreated eyes. 

4. Treated patients, on average, lost approximately 
3 lines of visual acuity immediately after treatment, but 
retained stable vision thereafter. Untreated patients 
lost 2 lines of visual acuity during the first three 3 
months after enrollment and continued to have pro- 
gressive visual loss. 
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5. The treatment benefit in laser-treated eyes, as 
measured by contrast sensitivity, was more impressive 
than the Snellen acuity benefit. On average, treated 
eyes had no additional decrease in contrast sensitivity, 
while untreated eyes suffered progressive loss of con- 
trast sensitivity. Both visual acuity and contrast sensi- 
tivity affect functional performance.” 

6. Argon green and krypton red wavelengths were 
comparable with respect to visual outcomes and 
complications. 

Laser treatment of subfoveal new vessels is not a 
panacea. Patient education and informed consent are 
required regardless of whether treatment is recom- 
mended. The need for low-vision rehabilitation for pa- 
tients with bilateral visual loss cannot be overem- 
phasized. 

Many patients with subfoveal CNV are not candi- 
dates for treatment based on the MPS protocol because 
they do not meet eligibility requirements. Caution is 
required if one attempts to extrapolate the study re- 
sults to patients who do not meet the strict eligibility 
requirements. The treatment benefit was greatly re- 
duced in eyes that did not satisfy the eligibility criteria. 
(Macular Photocoagulation Study investigators were 
not required to submit angiograms of study candidates 
for review by the MPS Reading Center before patient 
enrollment. Therefore, it was possible for a candidate 
to be enrolled in the study and subsequently deter- 
mined ineligible after review of his or her angiogram by 
MPS Reading Center staff. Once enrolled, although 
technically ineligible, the patient remained in the 
study. ) 

Subgroup analyses were reassuring in that virtually 
all patient subgroups (eg, men, smokers, and patients 
with hypertension) showed some treatment benefit 
within 2 years after enrollment. One subgroup that 
showed little or no treatment benefit consisted of those 
patients with lesions larger than 2 disc areas. One may 
be tempted to use subgroup analyses to refine manage- 
ment recommendations. For example, patients with 
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better initial visual acuity have larger decreases in 
visual acuity immediately after treatment and experi- 
ence a treatment benefit more slowly than patients 
with worse pretreatment visual acuity. Although it 
may be tempting to follow up these patients and only 
treat them as their vision gradually deteriorates, such 
treatment deferral may result in many lesions becom- 
ing ineligible for laser treatment. For example, during 
this period in which treatment is not given, some lesions 
may become too large or a well-demarcated lesion may 
develop such poorly demarcated boundaries that the 
lesion no longer qualifies for laser treatment using the 
MPS protocol. Thus, the potential treatment benefit 
may be lost. 

Although altering management recommendations 
based on subgroup analyses is often inappropriate, such 
recommendations can and should be altered based on 
the patient’s preferences and interpretation of the data. 
It is the ophthalmologist who must explain the results 
of these trials to the patient, but two patients may listen 
to a presentation of the same data and reach opposite 
conclusions. One patient may place greater value on 
long-term visual acuity, whereas another might worry 
about the quality of visual acuity next month. 

The three MPS reports in this issue contain informa- 
tion that will require time to digest and interpret. The 
first two articles present data regarding the effects of 
treatment on new and recurrent subfoveal choroidal 
neovascular lesions. The third article teaches us how to 
begin to apply the data. The value of stereoscopic angi- 
ography is emphasized, and terms such as “elevated 
blocked fluorescence” and “occult neovascularization” 
are elucidated. A treating ophthalmologist should have 


working familiarity with these concepts before select- 
ing patients likely to benefit from the data presented in 
the first two articles. 


ANDREW P. SCHACHAT, MD 
Baltimore, Md 
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Photocoagulation for Ischemic 


Central Retinal Vein Occlusion 


Central Vein Occlusion Study 


F here is a difference of opinion in the ophthalmology 
community regarding whether prophylactic pan- 
retinal photocoagulation should be applied to eyes with 
ischemic central retinal vein occlusions (CRVOs). Some 
investigators have recommended panretinal photoco- 
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agulation, while others have observed that panretinal 
photocoagulation is not helpful in preventing ocular 
neovascularization and neovascular glaucoma.'* Be- 
cause of the diversity of opinions, the optimum treat- 
ment of a patient with ischemic CRVO is uncertain. 


Editorials 


The Central Vein Occlusion Study (CVOS), a con- 
trolled clinical trial, was designed to determine wheth- 
er prophylactic laser treatment is beneficial; patients 
are randomized either to undergo panretinal photoco- 
agulation or to be observed without treatment. We 
believe that such randomization is the best and most 
ethical approach to the management of ischemic 
CRVO. 

Eyes with at least 10 disc areas of retinal capillary 
nonperfusion, as established by the CVOS photograph- 
ic protocol, are randomized to panretinal photocoagula- 
tion or observation. Both groups are being followed up 
closely for the development of iris neovascularization. 
Eyes that develop two clock hours of iris neovasculari- 
zation or have any evidence of angle neovascularization 
undergo panretinal photocoagulation if they were pre- 
viously untreated or additional photocoagulation if they 
had been assigned to treatment. 

Recruitment of patients began in August 1988 and 
will continue through 1991. All patients will be followed 
for a minimum of 2 years after entering the study. 

The CVOS is also evaluating the natural history of 
CRVO, the effect on macular edema of green argon 
laser photocoagulation in a grid pattern, the relative 
afferent pupillary defect, and electroretinography as a 
means of detecting retinal ischemia. 

Patients considered to be at high risk due to retinal 
ischemia and those whose angiographic perfusion sta- 
tus cannot be determined (indeterminate) because of 
extensive retinal hemorrhages are seen a minimum of 
once a month, according to the protocol. A slit-lamp 
examination, including gonioscopy, is performed at 
each visit to search for the earliest signs of rubeosis 
irides, and standardized iris photographs are taken and 
reviewed at the Reading Center. Fluorescein fundus 
angiography is also performed at least every 2 months 
in patients whose status is indeterminate, until the 
perfusion status can be determined. This set of proce- 
dures helps to ensure that patients who develop early 
iris neovascularization are identified promptly and 
treated. 

The details of this protocol were designed to promote 
optimal care of the patient with CRVO while develop- 
ing guidelines for treatment of this disease. 
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The CVOS is sponsored by the National Eye Insti- 
tute and has nine clinical centers, as well as a Coordinat- 
ing Center at Scott and White Hospital in Temple, Tex, 
and a photograph Reading Center at the Bascom Palm- 
er Eye Institute in Miami, Fla. Please help the investi- 
gators in this study provide the answers to the ques- 
tions that persist about CRVO by referring potentially 
eligible patients for evaluation. Please contact an inves- 
tigator in your region for answers to additional ques- 
tions about the study. 


JOHN G. CLARKSON, MD 
Miami, Fla 


Central Vein Occlusion Study 


Florida. —John Clarkson, MD, study chairman, Bascom Palmer Eye 
Institute, University of Miami; (305) 326-6349. 

Illinois. — David Orth, MD, Illinois Retina Associates, Chicago; (708) 
333-2300, ext 6926, or (312) 871-8444. 

Maryland.—Daniel Finkelstein, MD, The Wilmer Institute, The 
Johns Hopkins Hospital, Baltimore; (301) 955-2965. 

Massachusetts. — Clement Trempe, MD, Retina Associates of Bos- 
ton; (617) 723-6078, ext 550. 

Ohio.—Froncie Gutman, MD, Cleveland Clinic Foundation; (216) 
444-0222; Lawrence Singerman, MD, Retina Associates of Cleveland; 
(216) 831-5700. 

Oregon.—Michael Klein, MD, Oregon Health Sciences, Portland, 
Department of Ophthalmology; (503) 494-7891. 

Wisconsin. — George Bresnick, MD, University of Wisconsin Hospi- 
tal and Clinics, Madison, Department of Ophthalmology; (608) 263- 
1742. 

France.—Gabriel Coscas, MD, Clinique Ophtalmologique, Centre 
Hospitalier Intercommunal, Creteil; 01 1-33-148987784. 
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Laser Photocoagulation of Subfoveal Neovascular Lesions in 
Age-Related Macular Degeneration 


Results of a Randomized Clinical Trial 


Macular Photocoagulation Study Group 


eè A clinical trial has been conducted to 
evaluate the effect on vision of laser 
treatment (argon green or krypton red 
lasers, assigned randomly) compared 
with no treatment of eyes with subfoveal 
choroidal neovascularization associated 
with age-related macular degeneration. 
Three months after enrollment, the visual 
acuity of 37 (20%) of 184 laser-treated 
eyes had decreased 6 or more lines from 
the baseline level, while only 19 (11%) of 
178 untreated eyes had suffered such 
large decreases (P=.01, x° test). Howev- 
er, 24 months after enrollment, the visual 
acuity of only 23 (20%) of 114 laser- 
treated eyes had decreased by 6 or more 
lines from baseline compared with 41 
(37%) of 112 untreated eyes (P<.01, x? 
test). On average, after 24 months, visual 
acuity of laser-treated eyes had de- 
creased 3 lines from baseline, and visual 


n 1982 and 1990, the Macular Photo- 
coagulation Study (MPS) Group pub- 
lished findings from randomized clini- 


See also pp 1217, 1232, 
1242, and 1258. 


cal trials of laser photocoagulation of 
extrafoveal and juxtafoveal choroidal 
neovascular lesions secondary to age- 
related macular degeneration.” The 





Accepted for publication June 10, 1991. 

A complete list of the participants in the Macu- 
lar Photocoagulation Study appears on page 1231. 
A glossary of terms appears on page 1257. 

Reprint requests to Macular Photocoagulation 
Study Coordinating Center, 550 N Broadway, 
Ninth Floor, Baltimore, MD 21205 (Ms Hawkins). 


acuity of untreated eyes had decreased 
4 lines (P=.003, t test). Laser-treated 
eyes retained contrast threshold for 
large letters at or near baseline levels 
through 36 months of follow-up examina- 
tions, while the contrast threshold of 
untreated eyes worsened. Persistent or 
recurrent neovascularization was ob- 
served in 51% of the laser-treated eyes 
by 24 months after initial treatment but 
was not associated with decreased visu- 
al acuity. None of the findings suggested 
a reason to favor either the argon green 
or krypton red wavelength. Laser treat- 
ment of subfoveal neovascular lesions 
that meet the eligibility criteria for this 
study is recommended if both the patient 
and the ophthalmologist are prepared for 
a large decrease in visual acuity immedi- 
ately after treatment. 

(Arch Ophthalmol. 1991;109:1220-1231) 


initial clinical trial of argon blue-green 
laser photocoagulation, in which pa- 
tients were enrolled from July 1979 
through March 1982, was designed to 
test laser treatment in the group of 
eyes believed to have the best progno- 
sis for retaining vision with or without 
treatment (ie, those that had well- 
demarcated extrafoveal choroidal neo- 
vascular membranes with the posteri- 
or border no closer than 200 um to the 
center of the foveal avascular zone 
[FAZ], a limited amount of blood asso- 
ciated with the lesion, and relatively 
good visual acuity).’ In contrast, eyes 
eligible for the randomized trial of 
krypton red laser photocoagulation ini- 
tiated in 1981 had lesions in which the 
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posterior border of the choroidal neo- 
vascularization (CNV) could have been 
as close as 1 pm to the center of the 
FAZ (but not under it) and associated 
blood or blocked fluorescence could 
have extended through the entire 
FAZ.” In addition, eyes with a wider 
range of visual acuity were eligible for 
enrollment. Despite differences in eli- 
gibility criteria and treatment protocol 
for these two clinical trials, both dem- 
onstrated that laser photocoagulation 
was beneficial for delaying or prevent- 
ing substantial decreases in visual acu- 
ity 

In 1986, MPS investigators initiated 
a third randomized trial of laser treat- 
ment of CNV secondary to age-related 
macular degeneration; eyes eligible for 
this clinical trial had new blood vessels 
directly under the geometric center of 
the FAZ as judged using fluorescein 
angiography. As with the earlier MPS 
trials of laser treatment, eligible eyes 
had not undergone prior photocoagula- 
tion in the macula. This third clinical 
trial was preceded by a randomized 
pilot study begun in 1983 by a subset of 
MPS investigators to assess the feasi- 
bility of a larger randomized trial. De- 
spite misgivings about treating the fo- 
vea, the investigators were persuaded 
to undertake the pilot study by the 
poor natural history of eyes with CNV 
under the fovea*’ and both published 
reports™ and unpublished anecdotal 
experiences documenting that laser 
treatment of the fovea did not result in 
uniformly poor outcome. In January 
1985, at peer review of a funding pro- 
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posal to undertake a full-scale multi- 
center clinical trial, data were avail- 
able for 33 eyes followed up for 12 
months or more. Of this small number 
of eyes, visual acuity had decreased by 
4 lines or more in 15% of eyes assigned 
to receive laser treatment and in 54% 
of eyes assigned to receive no treat- 
ment. A full-scale study was judged 


necessary for several reasons: follow- 
up data were available for only a small 
number of eyes; most patients had 
been enrolled and treated at a single 
clinical center; the pilot study had not 
been conducted with as much care and 
attention to the quality assurance as- 
pects as had become standard practice 
in the MPS and other multicenter clini- 


Table 1.—Principal Eligibility Criteria 


Fluorescein angiogram taken within 96 h of randomization that documented fluorescein leakage from 
choroidal neovascular lesion with well-demarcated boundaries, no larger than 3.5 standard disc areas 
(1 standard disc area, 1.77 mm’), with new vessels under geometric center of foveal avascular zone 
Best-corrected visual acuity in study eye of no better than 20/40 but no worse than 20/320 (Snellen 


equivalents) 
Age, =50 y 


No prior photocoagulation in macula of study eye 


No other eye disease that could compromise visual acuity 


No current or past use of systemic steroids 


Ability to return for follow-up examinations for up to 5 years 


Signed informed consent 





cal trials; and investigators believed 
that other tests of vision should be 
incorporated into the testing protocol 
to supplement visual acuity informa- 
tion when judging the effect of laser 
treatment on vision. 

This article describes findings to 
date regarding the effect on vision of 
laser treatment of subfoveal neovascu- 
lar lesions compared with no treat- 
ment. 


PATIENTS AND METHODS 


The design and methods of the clinical 
trial reported herein are similar to those of 
other randomized trials conducted by the 
MPS Group. ™®*” The MPS Manual of Pro- 
cedures" and sample data collection forms” 
are available. The design of the study was 
approved by the MPS Data and Safety 
Monitoring Committee (DSMC) and by the 
institutional review boards of all participat- 
ing centers before patient enrollment 
began. 


Fig 1.—Top left, Early phase of fluorescein angiogram shows classic choroidal neovascularization (CNV) with well- 
demarcated borders. Arrow indicates center of foveal avascular zone (FAZ) determined using stereoscopic photographs 
taken during the early stages of fluorescein angiography and black-and-white stereoscopic photographs taken before 
fluorescein injection. Circle illustrates maximum eligible lesion size, ie, 3.5 disc areas (1 disc area, 1.77 mm’). Note small 
area of blocked fluorescence along superior and temporal borders of lesion. Top right, Small areas of blood (arrows) in the 
same lesion that correspond to blocked fluorescence on the angiogram but that did not obscure the borders of the CNV. 
Bottom left, The same lesion between 12 and 48 hours after laser photocoagulation. Note uniform whitening of retina as 
required by study protocol. Bottom right, Composite drawing made from fluorescein angiogram (top left) and treatment 
photograph (bottom left) demonstrates that heavy laser treatment (orange area) covered subfoveal CNV (green area). 
Center of FAZ is indicated by central dot within small circle. 
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3.5 Disc Areas 





Fig 2.—Top left, Subfoveal choroidal neovascularization (CNV) and contiguous blood. Top right, Early phase of fluorescein 
angiogram shows classic CNV with blocked fluorescence corresponding to contiguous blood that obscures boundaries of 
CNV along temporal border (arrow). Remaining blocked fluorescence surrounding CNV (elevated when viewed stereo- 
scopically) probably was due to fibrous component of CNV. Bottom left, Late phase of fluorescein angiogram demonstrates 
that borders of CNV are obscured by contiguous blood and fibrous components of lesion. Bottom right, Drawing of lesion. 
Areas of CNV (green), blood (red), and elevated blocked fluorescence (blue) were derived from viewing entire stereoscopic 
fluorescein angiogram taken according to study protocol. Drawing demonstrates that combined areas of blood and 
elevated blocked fluorescence that obscured borders of CNV did not exceed area of visible CNV. Total lesion size, including 
CNV, blood, and elevated blocked fluorescence, was less than 3.5 disc areas (circle) as required for eligibility for this study. 


Patient Selection and Entry 


Patients were enrolled from February 
1986 to December 1989, when the target 
sample size was attained. Patients had to 
fulfill defined eligibility criteria to be con- 
sidered for enrollment. The principal eligi- 
bility criteria are shown in Table 1. The 
primary criterion was angiographic evi- 
dence of CNV, with well-demarcated 
boundaries, under the geometric center of 
the FAZ (Fig 1, top left). In addition to 
classic CNV, the lesion could include an 
area of irregular elevation of the retinal 
pigment epithelium that indicated the pres- 
ence of occult neovascularization, thick con- 
tiguous blood or an area of elevated blocked 
fluorescence corresponding to scar tissue 
and/or pigment that obscured the bound- 
aries of the neovascular components, or 
serous detachment of the retinal pigment 
epithelium. Regardless of the composition, 
most of the lesion had to be composed of 
classic or occult neovascularization, and the 
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borders of the lesion had to be well demar- 
cated (Fig 2). A detailed description of cho- 
roidal neovascular lesions eligible for this 
study is given in a separate report.” For this 
study, a standard disc area was defined as 
1.77 mm’, assuming that a standard disc 
diameter was 1.5 mm (1500 um). A transpar- 
ent template overlay was used with photo- 
graphs to judge whether the total size of 
lesions was less than or greater than 3.5 
standard disc areas. Early in the study, 
eligible eyes were required to have at least a 
specified number of drusen in the macula, as 
judged by comparisons with a standard pho- 
tograph. This criterion was removed when it 
was recognized that neovascular subfoveal 
lesions often obscured much of the macular 
area in which drusen might otherwise have 
been observed. Similarly, the original visual 
acuity criterion specified an upper limit of 
20/80 (Snellen equivalent) that later was 
changed to 20/40 when it was discovered that 
many lesions in eyes with visual acuity be- 
tween 20/80 and 20/320 exceeded the maxi- 
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mum allowable size (Table 1). The lower limit 
of the acceptable range of visual acuity for 
eligibility remained 20/320 throughout pa- 
tient enrollment. 

Study patients were recruited from refer- 
rals to 13 clinical centers. At the first 
(baseline) examination, an MPS-certified vi- 
sual acuity examiner refracted both eyes 
and measured distance visual acuity, con- 
trast threshold, and reading speed accord- 
ing to MPS protocol.” Best-corrected visual 
acuity was measured using the Bailey-Lo- 
vie chart. A decrease of 6 lines on the 
Bailey-Lovie visual acuity chart represents 
a fourfold increase in the minimum angle of 
resolution, eg, a change from 20/40 to 
20/160 or from 20/160 to 20/640. The con- 
trast threshold for large letters was mea- 
sured using an early version of the Pelli- 
Robson chart.” Patients were tested at a 
distance of 1 m from the contrast chart; 
thus, a target image of 3° (20/725 Snellen 
equivalent) was provided. The contrast 
threshold was scored as the level of con- 
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Fig 3.—Left, Two-minute photograph from fluorescein angiogram 2 years after initial treatment demonstrates fluorescein 
leakage (large arrow) from recurrent neovascularization and fluorescein staining within borders of treatment scar (open 
arrow). Center of the foveal avascular zone (FAZ), located using early phase of stereoscopic fluorescein angiogram and 
black-and-white stereoscopic photographs taken before fluorescein injection at initial examination, is indicated by small 
arrow. Recurrence was eligible for retreatment because application of the treatment protocol would leave some portion of 
retina untreated within a radius of 1 disc diameter (1500 um; ie, circle enclosing 4 disc areas) of FAZ center. Circle with 
radius of 1 disc diameter from FAZ center is represented by solid circle. Dashed circle (6 disc areas, 10.6 mm’) shows that 
size of old treatment scar in addition to new treatment scar would not exceed maximum size allowed for retreatment. Right, 
Treated recurrent CNV (Fig 3, left) between 12 and 48 hours after laser photocoagulation. Arrow indicates retreated area. 
Note uniform whitening of retina as required by study protocol. 


trast required to read at least two of the 
three letters per contrast level presented 
on the chart. Reading speed was measured 
using cards that contained text of meaning- 
ful paragraphs, consisting of approximately 
40 words each, composed of uppercase and 
lowercase letters that subtended 5° (corre- 
sponding to a visual acuity of approximately 
20/1500), Patients were allowed a maximum 
of 3 minutes per eye to read the text; the 
number of words read correctly and the 
time required to read them were converted 
to words per minute for data analysis pur- 
poses. Because contrast threshold testing 
and measurements of reading speed were 
added to the vision testing protocol in 1987, 
results of these tests are not available from 
baseline and early follow-up examinations 
for some patients. For each of the three 
vision tests, the two eyes of a patient were 
tested using different charts. Stereoscopic 
color photographs of the macula and disc of 
each eye and a fluorescein angiogram with 
photographs of the macula of the study eye 
during the transit phase were taken in 
accordance with MPS protocol.'"” Blood 
pressure was measured, and the patient 
was questioned about use of aspirin, antihy- 
pertensive agents, other medications, and 
cigarettes. 

Patients who were believed to satisfy all 
eligibility criteria, including signed in- 
formed consent, were assigned randomly at 
enrollment to receive either laser photoco- 
agulation of the study eye or no treatment. 
Assignments were made by staff members 
at the MPS Coordinating Center in Balti- 
more, Md, from prepared lists. Randomiza- 
tion was stratified by clinical center and 
initial visual acuity of the study eye. Pa- 
tients assigned to laser photocoagulation 
also were assigned randomly to either kryp- 
ton red or argon green laser treatment. 
Thus, about half of the eyes were assigned 
to laser treatment and half to no treatment; 
about one quarter of the eyes (half the eyes 
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Follow-up Time After 
Randomization, mo 


3 


Expectedt 





Table 2.—Number of Eyes Followed up for Specified Time or Longer* 


Treatment Group 
O_O! -—-----eoaa:— 
Observed 


No-Treatment Group 


Observed 
182 


Expectedt 


























*Median length of follow-up for both groups was 24 months. 
tOn patient death, number of eyes expected for the remaining follow-up times was decreased. 


assigned to laser treatment) were assigned 
to krypton red laser treatment and one 
quarter to argon green laser treatment. 
The right eye of patients in whom both eyes 
simultaneously were eligible for the study 
was assigned randomly to laser treatment 
or no treatment, and the left eye received 
the opposite assignment. Posttreatment 
stereoscopic color photographs of the macu- 
la were taken between 12 and 48 hours after 
treatment to document adherence to the 
laser treatment protocol. 

Eligibility was ascertained at the Fundus 
Photograph Reading Center in Baltimore, 
Md, by assessment of fundus and angio- 
graphic features on baseline photographs 
and fluorescein angiograms taken before 
randomization. Eligibility was judged and 
recorded without knowledge of the treat- 
ment assignment. Subsequently, the post- 
treatment photographs of eyes randomly 
assigned to treatment were evaluated and 
compared with the baseline photographs to 
assess compliance with the treatment pro- 
tocol.'* Beginning in January 1989, inter- 
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pretation of angiographic patterns of fluo- 
rescence on fluorescein angiograms was 
revised; all photographs taken before that 
date were reviewed and recoded. 


Laser Treatment 


Photocoagulation was performed in all 
clinical centers according to a standard pro- 
tocol. Hither the krypton red or argon 
green laser was used, depending on the 
random assignment. Important features of 
the treatment protocol included availability 
of a fluorescein angiogram taken within 
96 hours before treatment and the goal of 
obliterating the neovascularization. In addi- 
tion to covering areas of classic and occult 
neovascularization and other components of 
the lesion, intense photocoagulation burns 
were required to extend 100 um beyond the 
perimeter of the lesion. Additional informa- 
tion about the treatment protocol is provid- 
ed elsewhere.” Retrobulbar anesthesia was 
recommended, but not required, to mini- 
mize discomfort and movement during 
treatment. 
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Table 3.—Characteristic on Baseline Examination * 


No. (%) of Eyes 
aor AMM 
Treatment No-Treatment 
Group Group 
Characteristic (n = 189) (n = 184) 
8 (4.2) 8 (4.3) 
42 (22.2) 38 (20.7) 
89 (47.1) 97 (52.7) 


50 (26.5) 41 (22.3) 


73 





88 (46.6) 76 (41.3) 
101 (53.4) 108 (58.7) 





31 
Visual acuity in study eye 
20/40-20/80 33 (17.5) 28 (15.2) 
20/ 100-20/ 160 90 (47.6) 90 (48.9) 
20/200-20/320 65 (34.4) 65 (35.3) 


20/400 or worse 1 (0.5) 1 (0.5) 


Size of lesion, 
disc areast 
<1 65 (34.6) 66 (36.1) 


>1 and <2 65 (34.6) 73 (39.9) 
>2 and <3.5 51 (27.1) 37 (20.2) 


>3.5 7 (3.7) 7 (3.8) 
Composition of lesion 


| 
| 
| 
| 
| 
| 
| 


66 





-36 





Classic CNV and EBF only 54 (28.6) 44 (23.9) 
Classic CNV and blood only 34 (18.0) 31 (16.8) 


Classic and occult CNV, 26 (13.8) 27 (14.7) 
with or without EBF, blood, 
or serous PED 








88 


Classic CNV and 2 or 11 (5.8) 13 (7.1) 
more of the following: EBF, blood, 
or serous PED 


No classic CNV or data missing 3 (1.6) 2 (1.1) 


Scarring within lesion 
None 138 (73.0) 138 (75.0) 


Some 51 (27.0) 46 (25.0) 


Hypertensive status§ 
Normal 52 (27.5) 52 (28.4) 


Suspect 34 (18.0) 36 (19.7) 


Definite 103 (54.5) 95 (51.9) 


History of cigarette smoking 
Never smoked 69 (36.5) 75 (40.8) 


Quit smoking 74 (39.2) 62 (33.7) 


Currently smoking 46 (24.3) 47 (25.5) 


Visual acuity of fellow eye 
20/20 or better 55 (29.1) 51 (27.9) 


20/25-20/200 94 (49.7) 96 (52.5) 


20/250 or worse 40 (21.2) 36 (19.7) 


Status of fellow eye 
No classic CNV or scar 129 (72.1) 120 (68.6) 


Classic CNV or scar 50 (27.9) 55 (31.4) 


* Characteristics were not reported for some eyes. Those eyes have been excluded from the calculations for 
those characteristics. CNV indicates choroidal neovascularization; EBF, elevated blocked fluorescence; and 
PED, pigment epithelial detachment. 

tx? test for homogeneity for unordered categories, test for trend for ordered categories. 

+One disc area equals 1.77 mm?. 

§ Definite hypertension was defined as one or more of the following conditions: systolic blood pressure of at 
least 160 mm Hg, diastolic blood pressure of at least 95 mm Hg, or use of antihypertensive medication. Blood 
pressure limits are World Health Organization criteria for definition of hypertension.*° Suspect hypertension was 
defined as systolic blood pressure between 140 and 160 mm Hg or diastolic blood pressure between 90 and 
95 mm Hg in the absence of antihypertensive medication. Patients without hypertension had systolic blood 
pressure below 140 mm Hg and diastolic blood pressure below 90 mm Hg in the absence of antihypertensive 
medication. 


























1224 Arch Ophthalmol—Vol 109, September 1991 


Patients whose eyes had been treated 
were examined, and fluorescein angiogra- 
phy was performed, 3 weeks and 6 weeks 
after treatment. Additional photocoagula- 
tion was to be performed whenever neovas- 
cularization was detected in the study eye 
as long as some portion of the retina within 
a radius of 1 dise diameter (1.5 mm) of the 
center of the FAZ would be left untreated 
and the total potential treatment scar would 
not exceed 6 disc areas (Fig 3). 


Patient Follow-up 


Follow-up visits were scheduled for all 
patients 3 and 6 months after enrollment 
and at 6-month intervals thereafter. At 
each scheduled follow-up visit, best-cor- 
rected visual acuity, contrast threshold, 
and reading speed were measured accord- 
ing to study protocol. Ophthalmoscopic and 
biomicroscopic examinations were per- 
formed, and stereoscopic color photographs 
were taken of both eyes. Fluorescein angi- 
ography was performed at the 3-month 
examination, annually, and whenever nec- 
essary to evaluate symptoms or changes in 
fundus appearance. Beginning in 1988, fluo- 
rescein angiography of laser-treated eyes 
also was performed at the 6-month 
examination, 


Data Monitoring 


The study was designed for the primary 
purpose of comparing the effect on visual 
acuity of laser treatment vs no treatment. 
By choosing a =.01 and B =.10 and estimat- 
ing the probability of a decrease of 4 or 
more lines of visual acuity between the 
baseline and the 24-month examinations to 
be 70% in eyes assigned to no treatment, it 
was calculated that a sample size of 358 
eyes would permit detection of a 30% or 
larger relative difference in event rates 
between the group of eyes assigned to laser 
treatment and those assigned to no treat- 
ment (eg, event rates of 70% and 49%). The 
treatment effects produced by the two 
types of lasers were assumed to be equal for 
the purposes of sample size estimation. 

The DSMC reviewed the accumulated 
data at semiannual meetings. The emphasis 
of these reviews was on consistency of 
observed treatment differences for a num- 
ber of visual function outcomes. In October 
1989, the DSMC decided that the originally 
estimated sample size would be sufficient to 
compare the laser treatment group with the 
no-treatment group. Patient enrollment 
and randomization stopped in December 
1989, with 371 patients (373 eyes) entered 
in the study. 

At the scheduled DSMC meeting in Octo- 
ber 1990, the DSMC recommended that the 
study findings be published with a recom- 
mendation for laser treatment, according to 
MPS protocol, in eyes with subfoveal neo- 
vascular lesions secondary to age-related 
macular degeneration that met the eligibil- 
ity criteria for this study. The DSMC also 
recommended that each study patient origi- 
nally assigned to receive no treatment be 
evaluated for treatment eligibility and of- 
fered laser treatment if still eligible. These 
recommendations and the data on which 
they were based were reviewed by the 
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MPS Executive Committee and all MPS 
investigators in December 1990. The rec- 
ommendations were accepted and imple- 
mented by both groups. The data report on 
which these recommendations and decisions 
were based is available." 





3 mo 


Table 4.—Visual Acuity of Study Eye 3 and 24 Months After Randomization 


nw 


Statistical Methods 


Change in visual acuity from baseline to 
each follow-up examination is the primary 
outcome variable analyzed. Distributions of 
individual visual acuity scores, changes in 
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Treatment No-Treatment Treatment No-Treatment 
Group, Group, Group, Group, 
No. (%) No. (%) No. (%) No. (%) 
of Eyes of Eyes of Eyes of Eyes 
Visual Acuity (n = 184) (n = 178) (n = 114) (n = 112) 
20/40 to 20/80 2G) 20 (11.2) 1 (0.9) 5 (4.5) 
20/100 to 20/160 33 (17.9) 44 (24.7) 20 (17.5) 9 (8.0) 
20/200 to 20/320 99 (53.8) 72 (40.4) 62 (54.4) 33 (29.5) 
20/400 to 20/640 41 (22.3) 30 (16.9) 22 (19.3) 39 (34.8) 
20/800 or worse 9 (4.9) 12 (6.7) 9 (7.9) 26 (23.2) 
TERRES SAEN E CO 
P = .004 (NT)* P< .001 (T)* 
Mean visual acuity 20/320 20/200 20/320 20/400 





* Pvalue, x? test with quantitatively ordered classes. Abbreviations in parentheses indicate the group that had 
the better outcome. T indicates treatment group; NT, no-treatment group. 


Table 5.—Change in Visual Acuity of Study Eye From Initial Visit 
to 3 and 24 Months After Randomization 


3 mo 


a 
No-Treatment 
Group, 
No. (%) 
of Eyes 
(n = 178) 


Treatment 

Group, 
Decrease in No. (%) 
Visual Acuity, of Eyes 


No. of Lines (n = 184) 


24 mo 
C+ 
Treatment No-Treatment 

Group, Group, 

No. (%) No. (%) 

of Eyes of Eyes 
(n = 114) (n = 112) 





<2 63 (34.2) 


85 (47.8) 


37 (32.5) 20 (17.9) 





2-3 46 (25.0) 


49 (27.5) 


27 (23.7) 20 (17.9) 





4-5 38 (20.7) 


25 (14.0) 


27 (23.7) 31 (27.7) 





=6 37 (20.1) 


P < .001 (NT)* 


19 (10.7) 
ee 


23 (20.2) 41 (36.6) 


— 


P< .001 (T)* 








Mean decrease 
in visual acuity, 
No. of lines 








* Pvalue, x? test with quantitatively ordered classes. Abbreviations in parentheses indicate the group that had 
the better outcome. T indicates treatment group; NT, no-treatment group. 


Fig 4.—Mean decrease in visual acuity from baseline to each specified 
time. Solid line indicates treatment group; dashed line, no-treatment 


group. 


Decrease in Visual Acuity, 
No. of Lines 


Follow-up, mo 
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visual acuity scores, and baseline character- 
istics classified in ordered categories have 
been compared using the x” test for quanti- 
tatively ordered categories.” Estimates of 
the proportion of eyes in which visual acuity 
decreased 6 or more lines from baseline to 
follow-up examinations were calculated us- 
ing a two-state stochastic model that con- 
siders both decreases and increases in visu- 
al acuity." Multiple linear and logistic 
regression models were used to adjust the 
difference between treatment groups for 
possibly confounding variables.” Differ- 
ences in the magnitude of treatment benefit 
(interactions) were tested using multiple 
linear regression techniques. Longitudinal 
multiple regression analysis methods devel- 
oped by Zeger and Liang” were employed 
to evaluate differences in visual acuity 
across follow-up time between groups as- 
signed to different laser wavelengths. Esti- 
mates of the cumulative proportion of pa- 
tients who experienced persistent or 
recurrent neovascularization after treat- 
ment were obtained using the product-limit 
method of Kaplan and Meier.” Distribu- 
tions of contrast threshold and reading 
speed were compared using Wilcoxon's 
Rank Sum Test.™”?"*™ Group means were 
compared using Students t test.” 
P values were not adjusted to consider 
repeated examination of the data or multi- 
ple outcomes. 

Findings presented in this article are 
based on all data received at the MPS 
Coordinating Center through July 31, 1990. 
Every eye randomized is included in the 
analyses with the group (no treatment, 
treatment with argon green laser, or treat- 
ment with krypton red laser) to which it 
originally was assigned. In most analyses, 
the two laser treatment groups have been 
combined in accordance with the design and 
primary goal of the study. 


RESULTS 


A total of 373 eyes of 371 patients 
were randomly assigned to laser treat- 
ment or no treatment. One hundred 
eighty-nine were assigned to the treat- 
ment group (97 to the argon green 
laser group and 92 to the krypton red 
laser group) and 184 were assigned to 


Fig 5.—Proportion of eyes with decreases in visual acuity of 6 or more 
lines from baseline at each specified time. Solid line indicates treat- 


ment group; dashed line, no-treatment group. 
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the no-treatment group. The number 
of eyes followed up for specified time 
periods is given in Table 2. Nearly two 
thirds of the eyes had been examined 
at 24 months after enrollment or later; 
the remaining patients had been en- 
rolled in the study too recently to be 
eligible for the 24-month examination. 
Of the 1019 follow-up examinations 
scheduled for treated eyes, 45 (4%) 
were not performed; of the 1025 follow- 
up examinations scheduled for untreat- 
ed eyes, 65 (6%) were not performed. 
Twelve treated patients and 10 un- 
treated patients had died by the cutoff 
date for this report. 

One hundred one (27%) eyes that 
were randomized did not meet the 
eligibility criteria in effect at the end of 
the enrollment period. Sixty-five (64%) 
of these 101 eyes were judged by Fun- 
dus Photograph Reading Center per- 
sonnel to meet the eligibility criteria at 
the time of enrollment, but did not 
meet the final criteria based on reeval- 
uation of photographs after a major 
change in the interpretation of angio- 
graphic patterns of fluorescence was 
implemented in 1989. Among the 101 
eyes that did not meet final eligibility 
criteria, the most common reasons 
were poorly demarcated boundaries of 
the neovascular lesion (36 eyes), CNV 
area constituting less than half of the 
entire lesion (35 eyes); a lesion compo- 
nent other than CNV under the FAZ 
center (21 eyes); and lesions larger 
than 3.5 disc areas (14 eyes). The 
treatment group and the no-treatment 
group included similar percentages of 
eyes ineligible for these reasons. In 
addition to these deviations from the 
eligibility criteria, one patient as- 
signed to the no-treatment group and 
one patient assigned to the argon 
green laser treatment group had initial 
visual acuity worse than 20/320 in the 
study eye. 

The distributions of many baseline 
variables, the most important of which 
are given in Table 3, were examined 
for imbalance between the treatment 
group and the no-treatment group. 
There were no substantial imbalances 
between the two groups of eyes. 


Visual Function Outcomes 


The visual acuity distributions for 
patients examined 3 months after ran- 
domization are shown in Table 4. Only 
two treated eyes (1%) had visual acuity 
of better than 20/100, compared with 
20 untreated eyes (11%). The untreat- 
ed eyes had a better mean visual acu- 
ity (20/200) than the treated eyes 
(20/320) (P<.001). At the 24-month 
examination, the mean visual acuity of 
treated eyes remained 20/320, but the 
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Table 6.—Reading Speed of Study Eye at Initial Visit and 3 and 24 Months 
After Randomization 


Initial Visit 24 mo 
mAr, a 
No- No- 
Treatment Treatment Treatment Treatment Treatment Treatment 
Group, Group, Group, Group, Group, Group, 
% of % of % of % of % of % of 
Eyes Eyes Eyes Eyes Eyes Eyes 
(n= 112) (n = 102) (n= 126) (n= 112) (n= 113) (n = 108) 
10.7 5.9 0.8 20 0.9 1.8 
23.2 35.3 V4 17.9 2.7 4.6 
42.9 44.1 30.2 35.7 32.7 16.7 
17.9 11.8 38.1 30.4 43.4 
Unable to read 5.4 2.9 19.8 13.4 20.4 46.3 


x qX _——cxu—q~ 


P = .12 (NT)* P< .001 (T)* 


Reading Speed, 
Words/min 














a 


P = .02 (NT)* 





Median reading 
speed, words/ 
min 





* P value, Wilcoxon's Rank-Sum Test. Abbreviations in parentheses indicate the group that had the better 
outcome. T indicates treatment group; NT, no-treatment group. 


Table 7.—Contrast Threshold of Study Eye at Initial Visit and 3 and 24 Months 
After Randomization * 


Initial Visit 24 mo 


Treatment Treatment Treatment Treatment Treatment Treatment 
Group, Group, Group, Group, Group, Group, 
Contrast Required % of % of % of % of % of % of 
to Identify Letters, Eyes Eyes Eyes Eyes Eyes Eyes 
% (n = 119) (n = 108) (n= 130) (n= 117) (n= 113) (n = 110) 
36.1 33.3 37.7 23.9 34.5 9.1 
40.3 35.2 39.2 32.5 35.4 33.6 
17.6 22.2 16.2 27.4 18.6 27.3 
4.2 7.4 3.1 6.0 5.3 15.5 
1.7 1.9 3.8 10.3 8.2 14.5 


—nmmm č ——— c ae” 


P= 42 (T)* 




















P< .001 (T)* 


P < .001 (T)* 





Median contrast 
threshold, % 


* P value, Wilcoxon's Rank-Sum Test. Abbreviations indicate the group that had the better outcome. T indi- 
cates treatment group; NT, no-treatment group. 





Table 8.—Change in Visual Acuity 24 Months After Randomization 
by Treatment Group and Baseline Characteristics * 


Decrease in Visual Acuity, 
% of Eyes 
No. _ ———————— 
Treatment of <2 2-3 4-5 z6 
Characteristic Group Eyes Lines Lines Lines Lines P 
All eyes T 114 24 20 
NT 112 28 37 





<.001 





Age, y 
<70 37 32 8 
40 35 20 


} 
} 
77 19 26 } 
} 
} 





24 46 





20 20 
32 38 
27 21 
24 35 








(cont) 
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Table 8.—Change in Visual Acuity 24 Months After Randomization 
by Treatment Group and Baseline Characteristics (cont) * 


Decrease in Visual Acuity, 
% of Eyes 

No. ° ” 
Treatment of <2 2-3 4-5 =6 

Characteristic Group Eyes Lines Lines Lines Lines 

Initial visual acuity in study eye 

20/40-20/ 100 T 34 41 32 
NT 34 44 
20/ 125-20/ 160 T 42 26 
NT 40 48 


20/200 or worse ie 38 3 } 
NT 38 18 




















Size of lesion, disc areast 
<1 37 16 } 
43 35 
>1 and <2 38 21 
41 44 
>2 38 24 } 
27 30 











Composition of lesion 
Classic CNV only 34 29 } 
40 35 


Classic CNV 38 18 } 
and EBF only 26 27 

Classic CNV 18 11 
and blood only 16 44 } 


Classic CNV and 
lesion components 
other than those 
specified above 


% of lesion area scarred 
0-24 




















25-49 





250 





Eligibility status by final criteria 
Eligible 





Ineligible 





Hypertension+ 
None 





Suspect 








Definite 





History of cigarette smoking 
Never smoked 


Quit smoking 





Currently smoking 


Status of fellow eye 
No lesion 








CNV or scar 





*T indicates treatment group; NT, group that did not receive treatment; NA, not applicable; CNV, choroidal 
neovascularization; and EBF, elevated blocked fluorescence. P values, x? test for quantitatively ordered cate- 
gories. P, value, test of interaction. 

tOne disc area equals 1.77 mm?. 

Definite hypertension was defined as one or more of the following conditions: systolic blood pressure of at 
least 160 mm Hg, diastolic blood pressure of at least 95 mm Hg, or use of antihypertensive medication. Blood 
pressure limits are World Health Organization criteria for definition of hypertension.?° Suspect hypertension was 
defined as systolic blood pressure between 140 and 160 mm Hg or diastolic blood pressure between 90 and 
95 mm Hg in the absence of antihypertensive medication. Patients without hypertension had systolic blood 
pressure below 140 mm Hg and diastolic blood pressure below 90 mm Hg in the absence of antihypertensive 
medication. 





mean of untreated eyes was 20/400 
(P<.001). More than twice as many 
untreated eyes (58%) as treated eyes 
(27%) had visual acuity of 20/400 or 
worse. 

The distribution of change in visual 
acuity from initial visit is shown in 
Table 5 at 3 and 24 months after 
randomization. At 3 months after ran- 
domization, visual acuity in treated 
eyes had decreased an average of 3.0 
lines from baseline; visual acuity in 
untreated eyes had decreased an aver- 
age of 1.9 lines (mean difference, 1.1; 
95% confidence interval [CI], 0.5 to 
1.7; P<.001). At 24 months after ran- 
domization, visual acuity in treated 
eyes had decreased an average of 3.0 
lines from baseline, but visual acuity 
in untreated eyes had decreased an 
average of 4.4 lines from baseline 
(mean difference, 1.4; 95% CI, 0.5 to 
2.3; P=.003). Figure 4 shows the 
mean change in visual acuity by treat- 
ment group at each follow-up examina- 
tion. Treated eyes showed a pattern of 
decrease of visual acuity of 3 lines 3 
months after treatment, followed by 
relatively stable visual acuity through 
42 months after treatment. Untreated 
eyes had smaller decreases in visual 
acuity in the first 3 months of follow-up 
than did treated eyes, but continued to 
experience additional decreases in vi- 
sual acuity at each of the later follow- 
up examinations. By 12 months of fol- 
low-up, the mean decrease in visual 
acuity in the treated eyes was less 
than that in untreated eyes (ie, a de- 
crease of 3.3 lines vs 3.7 lines, a differ- 
ence of 0.4 lines). By 24 months, the 
difference between the two means had 
increased further (a decrease of 3.0 
lines in the treatment group vs 4.4 
lines in the no-treatment group, a dif- 
ference of 1.4 lines). 

The percentage of eyes with de- 
creases in visual acuity of 6 or more 
lines in each treatment group showed a 
similar pattern to mean change in visu- 
al acuity. At 3 months after random- 
ization, 37 (20%) of 184 treated eyes 
but only 19 (11%) of 178 untreated eyes 
had decreased visual acuity of 6 or 
more lines (Table 5; P=.013). At 24 
months after randomization, 23 (20%) 
of 114 treated eyes and 41 (37%) of 112 
untreated eyes had decreased visual 
acuity of 6 or more lines (P=0.006). 
The proportion with such reductions in 
visual acuity increased in the untreat- 
ed eyes from 10% at 3-month follow- 
up to 48% at 42-month follow-up (Fig 
5). The proportion with decreases of 6 
or more lines among the treated eyes 
remained close to 20% from 3 months 
through 42 months of follow-up. Ap- 
proximately one third of treated eyes 
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Fig 6.—Mean change in visual acuity after initial visit. Solid lines indicate treatment group; broken lines, no-treatment group. 
Left, Lesions less than or equal to 1 disc area (1.77 mm’) in size. Center, Lesions greater than 1 but less than or equal to 2 
disc areas. Right, Lesions greater than 2 disc areas. 
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observed for visual acuity and reading 
speed. Treated eyes tended to retain 
the contrast threshold measured at the 
initial visit throughout the follow-up 
period (Table 7). The median percent- 
age contrast required to identify let- 
ters was 14% at each follow-up exami- 
nation through 24 months. Untreated 
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Fig 7.—Mean change in visual acuity after initial visit. Solid line indicates treatment group; broken line, no-treatment group. 
Left, Eyes with initial visual acuity of 20/40 to 20/100. Center, Eyes with initial visual acuity of 20/125 to 20/160. Right, Eyes 
with initial visual acuity of 20/200 or worse. 
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Fig 8.—Mean change in visual acuity after initial visit. Solid lines indicate treatment group; 
broken lines, no-treatment group. Left, Eyes that met eligibility criteria in effect when enrollment 
was completed. Right, Eyes that did not meet final eligibility criteria. 


had decreased visual acuity of less than 
2 lines at each follow-up examination. 
At 3 months after randomization, 85 
untreated eyes (48%) experienced this 
relatively small decrease in acuity, but 
at 24 months’ follow-up only 20 eyes 
(18%) had such a small decrease in 
acuity (Table 5). 

When multiple logistic regression 
models were applied to these data to 
adjust for the possibly confounding ef- 
fects of several baseline covariates (ini- 
tial visual acuity of the study eye, 
patient age, area of the neovascular 
lesion, amount of scarring, and status 
of the fellow eye), estimates of the 
differences between treated and un- 
treated eyes changed very little. The 
superiority of no treatment at 
3 months was slightly diminished, and 
the superiority of laser treatment at 


24 months was slightly enhanced. Dif- 
ferences between treated and untreat- 
ed eyes with respect to mean visual 
acuity and the proportion of eyes that 
had visual acuity decreases of 6 or 
more lines from baseline remained sta- 
tistically significant (P,<.05) at both 
times. 

Tests of reading speed and contrast 
threshold also were used to assess the 
effects of laser treatment. The distri- 
butions of the number of words per 
minute that patients could read using 
only the study eye at the initial, 3- 
month, and 24-month examinations are 
shown in Table 6. Untreated eyes had 
better reading speeds than treated 
eyes at the 3-month examination, but 
worse reading speeds at the 24-month 
examination. The contrast threshold 
showed a different pattern from that 
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eyes tended to have worse contrast 
thresholds during follow-up. The medi- 
an percentage contrast required for 
untreated eyes to identify letters in- 
creased from 14% at the initial visit to 
20% at 3 months to 28% at 24 months. 

The consistency of the treatment 
effect on visual acuity was examined 
within many subgroups. The results 
24 months after randomization for the 
most important subgroups are shown 
in Table 8. At this point in follow-up, 
treatment was better than no treat- 
ment in every subgroup except for the 
subgroup of eyes with at least 25%, 
but less than 50%, of the lesion com- 
posed of fibrovascular scar tissue. 
However, treatment was better than 
no treatment when 50% or more of the 
lesion consisted of scar tissue. The 
magnitude of treatment benefit 
24 months after randomization varied 
among some of the subgroups; howev- 
er, only the size of the lesion and the 
gender of the patient affected the mag- 
nitude of the treatment benefit to a 
statistically significant degree (Table 
8; P,<.05). After adjustment for possi- 
bly confounding effects of several base- 
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Table 9.—Number of Eyes With Specified Condition 
Associated With Laser Treatment 


Condition 
New hemorrhage during treatment, 
identified using posttreatment 
photographs 
Retinal and/or vitreous hemorrhage 
identified during treatment 





Visual Acuity at Most 
Recent Visit, No. of 
Eyes 
vVvK—oc eee ns 

=6-Line 
Decrease <20/400 


Cumulative Proportion 
of Eyes 
With Recurrence 








6 
Perforation of Bruch’s membrane 4 
Retinal hole 1 

1 


Retinal pigment epithelium rip 


3 1 
(0 1 
te) 0 
ie) ie) 

1 





Retrobulbar hemorrhage* 1 1 
One or more of the above 53 13 14 


* Eighty-five laser-treated eyes did not receive retrobulbar anesthesia. 


line covariates, the relationship re- 
mained for lesion size (P= .04) but not 
for gender (P=.21). Larger lesions 
had smaller treatment benefit. 

Visual acuity scores in most sub- 
groups followed a pattern similar to 
that of the total group, in which treat- 
ed eyes were substantially worse than 
untreated eyes 3 months after random- 
ization, slightly worse than untreated 
eyes at 6 months, slightly better than 
untreated eyes at 12 months, and sub- 
stantially better than untreated eyes 
at 18 months and later. However, 
there were three important subgroups 
that differed from the total group with 
respect to the pattern of visual acuity 
change. Among the eyes with the 
smallest lesions (<1 disc area), treated 
eyes had better visual acuity than un- 
treated eyes 6 months after random- 
ization, but among the eyes with the 
largest lesions (>2 disc areas), visual 
acuity in treated eyes was worse than 
or about the same as that of untreated 
eyes until 24 months after randomiza- 
tion (Fig 6). Among eyes with relative- 
ly good initial visual acuity (20/40 to 
20/100), visual acuity of treated eyes 
decreased a mean of 5 lines immediate- 
ly after treatment, while mean visual 
acuity in untreated eyes decreased less 
than 3 lines (Fig 7, left). Mean visual 
acuity decrease was nearly equal in the 
two groups at 12 months, but untreat- 
ed eyes had a greater mean decrease in 
acuity at the 18-month examination 
and after. Eyes with initial visual acu- 
ity between 20/125 and 20/160 had a 
pattern of mean visual acuity decrease 
similar to that of the total group (com- 
pare Fig 4 and Fig 7, center). Treated 
and untreated eyes that had initial 
visual acuity of 20/200 or worse had 
nearly equal decreases in lines of visual 
acuity at the 3-month examination. 
Treated eyes had a lower mean de- 
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Time After 
Initial 
Ls ohio No. of 


Eyes 


Persistence or Mean 


Recurence 








Table 10.—Vision Outcomes in Eyes With and Without Persistent 
or Recurrent Neovascularization* 





103 20/320 -3.3 23 31 
20/250 —3.3 
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Fig 9.—Cumulative proportion of treated eyes in which persistent or 
recurrent choroidal neovascularization had been observed at speci- 
fied times during follow-up. 














Mean =6-Line Median 






Change Decrease Reading Median 
in VA, in VA, Speed, Contrast 
No. of % of words/ bib 









Lines Eyes min 
















=312 19 





*VA indicates visual acuity. Sani sizes are approximately 10% less for reading speed and contrast sen- 
sitivity at 1 year; at 2 years, sample sizes for these measures were 58 eyes without and 55 eyes with persis- 


tence or recurrence. 


crease in visual acuity at the 6-month 
examination and at each follow-up ex- 
amination thereafter (Fig 7, right). 
Also, among eyes that fulfilled the final 
eligibility criteria, treated and un- 
treated eyes had similar mean de- 
creases in visual acuity during the first 
6 months after randomization, but 
treated eyes had a substantially small- 
er mean decrease in visual acuity at 
later follow-up (Fig 8, left). Among 
eyes that did not fulfill the final eligi- 
bility criteria, treated eyes had a much 
larger mean decrease in visual acuity 
than untreated eyes 3 months after 
randomization; treated eyes did not 
benefit even slightly with respect to 
mean decrease in visual acuity until 24 
months after randomization (Fig 8, 
right). 

The consistency of the treatment 
effect on contrast threshold also was 
examined within subgroups. No sub- 
group deviated from the pattern of 
stable contrast threshold in the treated 
eyes and deterioration of contrast 
threshold in the untreated eyes. 

The influence of the laser wave- 
length on visual acuity was examined 
by comparing eyes treated with argon 
green laser to eyes treated with kryp- 
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ton red laser at each follow-up exami- 
nation. Eyes treated with krypton-red 
laser had decreased visual acuity of 0.6 
more lines on average than eyes treat- 
ed with argon green laser (95% CI, 
—0.8 to 1.4; P=.20). However, be- 
cause the mean age of the krypton 
laser-treated patients was 2 years 
more than that of the argon laser- 
treated patients and the mean lesion 
size was 0.2 disc area larger in kryp- 
ton-laser-treated patients, multivari- 
ate adjustment reduced the difference 
in decreased visual acuity between the 
two groups to 0.06 lines (95% CI, —0.6 
to 0.7; P=.86). Changes in reading 
speed and contrast threshold were 
similar in the two wavelength groups. 
Although eyes treated with the argon 
green laser had slightly better scores 
on both tests, the differences did not 
approach statistical significance at any 
follow-up examination (P>.10). 


Complications and Other Conditions 
Associated With Treatment 


Complications and other conditions 
associated with treatment were re- 
corded by the treating ophthalmologist 
during the treatment session and by 
Fundus Photograph Reading Center 
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staff based on color photographs taken 
between 12 and 48 hours after treat- 
ment. Fifty-three treated eyes (28%) 
had one or more complications or con- 
ditions reported by one or both of the 
two sources of information (Table 9). 

Figure 9 shows the estimated cumu- 
lative proportion of patients exhibiting 
evidence of persistent or recurrent 
neovascularization at various follow-up 
times. Twenty-four percent of patients 
had persistent neovascularization, ie, 
fluorescein leakage from the periphery 
of the treatment scar on an angiogram 
taken 3 or 6 weeks after treatment. In 
an additional 32%, recurrent neovas- 
cularization had developed by 3 years 
after treatment. The incidence of per- 
sistence and recurrence in the argon 
laser-treated group was similar to that 
in the krypton laser-treated group 
(log-rank test, P=.9). Persistent and 
recurrent neovascularization were not 
associated with worse visual acuity, 
reading speed, or contrast threshold 
(Table 10). 


COMMENT 


This study has demonstrated the 
effectiveness of laser photocoagulation 
of subfoveal choroidal neovascular le- 
sions with well-demarcated boundaries 
with respect to delaying or preventing 
deterioration of visual acuity, contrast 
threshold, and reading speed. Laser- 
treated eyes experienced an immedi- 
ate decrease of visual acuity after 
treatment (3 lines, on average); how- 
ever, by 24 months after patient en- 
rollment they had a smaller decrease in 
visual acuity than untreated eyes (Ta- 
bles 4 and 5 and Figs 4 and 5). Particu- 
larly striking is the observation that 
eyes that underwent laser treatment 
to the fovea maintained the baseline 
level of contrast threshold throughout 
at least 24 months of follow-up while 
the contrast threshold of untreated 
eyes worsened (Table 7). Previous in- 
vestigation” has shown that patients 
who have better contrast thresholds 
are better able to perform functional 
tasks than are patients who have 
equivalent visual acuity but poorer 
contrast thresholds. By 24 months af- 
ter patient enrollment, nearly twice as 
many patients with treated eyes, com- 
pared with patients with untreated 
eyes, were able to read large text 
comparable in size to highly magnified 
text using only the study eye (Table 6). 
Unlike findings from previous MPS 
studies, persistent and recurrent CNV 
were not associated with poorer visual 
acuity outcome. A possible explanation 
is that, because the fovea was treated 
initially, persistence and recurrence 
were more likely to develop away from 


the alternate locus of fixation adopted 
after treatment. Another possible ex- 
planation is that multiple alternate fix- 
ation sites with similar visual acuity 
potential were available. 

Several factors appeared to influ- 
ence visual acuity 24 months after ran- 
domization: gender of the patient, ini- 
tial visual acuity, size of the subfoveal 
neovascular lesion, presence of fibro- 
vascular scar tissue in the lesion, and 
classification regarding the revised eli- 
gibility criteria (Table 8). However, 
after adjustment for baseline covar- 
iates, only size of the lesion influenced 
the magnitude of treatment benefit at 
24 months. Three factors influenced 
the pattern of change in visual acuity 
during follow-up. Treated eyes with 
smaller CNV lesions (ie, those 1 disc 
area or smaller in total size) demon- 
strated earlier treatment benefit than 
did those with larger lesions (Fig 6). 
Eyes with baseline visual acuity of 
20/40 to 20/100 experienced decreased 
acuity of more than 4 lines, on aver- 
age, immediately after treatment and 
did not demonstrate any treatment 
benefit with respect to visual acuity 
until 18 months after the study began 
(Fig 7, left). In contrast, among eyes 
in the subgroup with visual acuity of 
20/200 or worse, visual acuity in treat- 
ed eyes immediately decreased an av- 
erage of less than 2 lines, and the mean 
decrease was less than that of untreat- 
ed eyes by 6 months after patient 
enrollment and thereafter (Fig 7, 
right). Among eyes that satisfied the 
eligibility criteria in effect at the end of 
patient enrollment, laser-treated eyes 
experienced an earlier and more pro- 
nounced benefit than did eyes that did 
not satisfy those criteria (Fig 8). Un- 
like other MPS trials, definite hyper- 
tension was not observed to reduce 
benefit from laser treatment.” 

No difference was found between 
the argon green and krypton red wave- 
lengths with respect to any of the 
outcomes or subgroups examined. Al- 
though the study did not have suffi- 
cient statistical power to demonstrate 
a small or moderate difference be- 
tween the two lasers, a large differ- 
ence has been ruled out. The mean 
difference in visual acuity between 
eyes treated with the two lasers is 
unlikely to exceed 0.7 lines (3.5 letters) 
because the 95% confidence interval 
for the mean difference was —0.6 to 
0.7. Recurrence and persistence rates 
also were similar between the two 
groups of laser-treated eyes. These 
rates were similar to those observed 
when krypton red laser was used to 
treat neovascular lesions that extend- 
ed into the FAZ but that did not have 
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CNV under the center of the FAZ.” 

The findings from this study must be 
applied with caution. More often than 
in any other MPS clinical trial, the 
ophthalmologists sought an opinion re- 
garding eligibility from Fundus Photo- 
graph Reading Center staff before en- 
rolling patients whom they believed to 
be candidates. Approximately half of 
all such candidates were excluded and 
did not enter the study because their 
lesions had poorly demarcated bor- 
ders, the area of CNV was smaller 
than the area occupied by other compo- 
nents of the lesion, or the lesion was 
too large (>3.5 standard disc areas). In 
particular, eyes with occult CNV most 
often were ruled ineligible because of 
poorly demarcated boundaries of the 
lesion. Furthermore, ocular media 
opacities and other physical problems 
often precluded photographs and an- 
giograms of quality sufficient for reli- 
able interpretation and assessment of 
eligibility. Nevertheless, 36 eyes were 
judged ineligible at study entry, and 
an additional 65 were ruled ineligible 
on reevaluation using the criteria in 
effect when enrollment was completed. 
Findings from this study suggest that 
eyes with poorly demarcated areas of 
subfoveal CNV or with subfoveal CNV 
lesions larger than 3.5 disc areas may 
not benefit from laser treatment. 

Both the ophthalmologist and the pa- 
tient selected for treatment of subfoveal 
CNV should be prepared for an immedi- 
ate decrease in visual acuity, 3 lines on 
average, with relatively stable visual 
acuity thereafter. No substantial treat- 
ment benefit was observed until 
18 months after treatment, on average. 
Thus, the patient’s overall health, vision 
in the fellow eye, ability to cope with an 
immediate decline in vision, and other 
personal factors must be considered 
with features of the lesion itself and of 
the affected eye in the decision to treat 
subfoveal CNV. The ophthalmologist 
may choose to follow a strategy of 
“watchful waiting” when the visual acu- 
ity is good at the time a patient presents 
with a small, well-demarcated subfoveal 
lesion. However, the eye should be ex- 
amined frequently, and laser treatment 
considered if visual acuity decreases 
while the neovascular lesion is still 
small. 

When this study of subfoveal CNV 
in eyes with no previous photocoagula- 
tion in the macula began, a companion 
trial of laser treatment of recurrent 
neovascularization under the fovea af- 
ter earlier laser treatment of extrafo- 
veal or parafoveal (juxtafoveal) neo- 
vascularization also was initiated. 
Findings from the latter trial have 
been summarized in a separate article 
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in this issue.” They are consistent with 
the findings of this study. 


The Macular Photocoagulation Study Group is 
supported by cooperative agreements EY2548, 
EY2549, EY2553, EY2554, EY2556, EY2563, 
EY2564, EY3281, EY3284, EY3288, EY5958, 
EY5995, EY6237, EY6238, EY6239, and EY6488 
from the National Eye Institute, National Insti- 
tutes of Health, Bethesda, Md. 
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Laser Photocoagulation of Subfoveal Recurrent Neovascular 
Lesions in Age-Related Macular Degeneration 


Results of a Randomized Clinical Trial 


Macular Photocoagulation Study Group 


è in a randomized clinical trial, the 
effects of laser treatment of subfoveal 
recurrent neovascularization have been 
compared with no additional laser treat- 
ment. Among eyes with age-related mac- 
ular degeneration assigned to laser 
treatment of recurrent neovasculariza- 
tion (n=97) and those assigned to no 
additional laser treatment (n= 109), aver- 
age visual acuity was 20/125 (Snellen 
equivalent) at entry. Both at 3 and 24 
months after enrollment, the average vi- 
sual acuity of laser-treated eyes was 
20/250, indicating a decrease in visual 
acuity of 3 lines immediately after treat- 
ment, but little further decrease in acuity 
thereafter. In contrast, the average visual 
acuity of eyes assigned to no additional 
treatment decreased by 2 lines to 20/200 
by 3 months after entry. After 24 months, 
acuity had decreased an additional 2 
lines to 20/320. By 24 months after enroll- 
ment, only three (9%) of 35 laser-treated 


ersistent and recurrent choroidal 
neovascularization (CNV) after la- 
ser treatment have been implicated as 


major factors in decreased visual acu- 


See also pp 1217, 1220, 
1242, and 1258. 


ity after laser treatment of neovascu- 


lar lesions, regardless of whether the 
new vessels initially presented in an 
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eyes, but 73 (28%) of 46 untreated eyes, 
had decreased visual acuity of 6 or more 
lines from baseline (P=.03, x? test). On 
average, treated eyes maintained the ini- 
tial contrast threshold for large letters, 
while the contrast threshold of untreated 
eyes worsened steadily throughout 24 
months of follow-up. This study was halt- 
ed before the target number of patients 
had been enrolled because of the similar- 
ity of these findings to findings from a 
related Macular Photocoagulation Study 
clinical trial of laser treatment of subfo- 
veal neovascularization secondary to 
age-related macular degeneration in 
eyes without previous laser treatment. 
Laser treatment is recommended for 
subfoveal recurrent neovascularization 
in eyes with age-related macular degen- 
eration that meet the eligibility criteria for 
this study. 

(Arch Ophthalmol. 1991;109:1232-1241) 


extrafoveal’ or parafoveal (juxtafo- 
veal)" location. In the clinical trials of 
argon laser photocoagulation per- 
formed by the Macular Photocoagula- 
tion Study (MPS) Group, 52% of eyes 
with age-related macular degeneration 
(AMD) and 28% of eyes with ocular 
histoplasmosis or idiopathic neovascu- 
larization that were treated for extra- 
foveal neovascularization had recur- 
rent neovascularization by 24 months 
after treatment.’ In the MPS trials of 
krypton red laser photocoagulation of 
parafoveal neovascular lesions, 66% of 
eyes with AMD and 31% of eyes with 
ocular histoplasmosis had persistent or 
recurrent neovascularization by 24 


months after treatment.*” Sorenson et 
al’ reported that in 59% of eyes with 
AMD that received krypton red laser 
treatment, recurrent or some other 
type of neovascularization developed 
during follow-up. 

The MPS Group began two random- 
ized trials concurrently in 1986. One 
evaluated laser photocoagulation of 
subfoveal neovascularization in eyes 
with AMD but without previous photo- 
coagulation in the macula,’ and the 
other, laser treatment of recurrent 
neovascularization extending under 
the fovea that developed along the 
perimeter of the scar caused by earlier 
laser treatment. This article describes 
the findings to date regarding the ef- 
fect on vision of laser treatment of 
these recurrent lesions compared with 
no additional treatment. 


PATIENTS AND METHODS 


The design and methods of the clinical 
trial reported herein are similar to those of 
other randomized trials conducted by the 
MPS Group.”* The MPS Manual of Proce- 
dures is available.’ The design of the study 
was approved by the MPS Data and Safety 
Monitoring Committee (DSMC) and by the 
institutional review boards of all participat- 
ing centers before patient enrollment 
began. 


Patient Selection and Entry 


Patients were enrolled from February 
1986 to December 1990. Patients had to 
meet defined eligibility criteria to be consid- 
ered for enrollment. The principal criteria 
are given in Table 1. The primary criterion 
was angiographic evidence of CNV with 
well-demarcated borders that was contigu- 
ous to the scar from earlier treatment and 
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that extended under or, if the scar from 
earlier treatment had expanded under the 
fovea, within 150 um of the geometric cen- 
ter of the foveal avascular zone (FAZ), as 
illustrated in Fig 1. Previous treatment 
directly to the center of the FAZ, as deter- 
mined by the study ophthalmologist from 
patient history or records, rendered a pa- 
tient ineligible. In addition to classic neo- 
vascularization and treatment scar, the le- 
sion could include an area of irregular 
detachment of the retinal pigment epitheli- 
um that indicated the presence of occult 
neovascularization; heavy contiguous blood 
or elevated blocked fluorescence corre- 
sponding to scar tissue and/or pigment that 
obscured the boundaries of neovascular 
components; or serous detachment of the 
retinal pigment epithelium. Most of the 
lesion, apart from the old laser scar, had to 
be CNV and the borders of the entire lesion 
had to be well demarcated (Fig 2). A de- 
tailed description of choroidal neovascular 
lesions eligible for this study is given in a 
separate report in this issue of the 
ARCHIVES.” Application of the criteria in 
Table 1 regarding lesion size and involve- 
ment of the central retina is illustrated in 
Figs 1 and 2. 

Study patients were recruited from refer- 
rals to 13 clinical centers. Initial evaluation, 
enrollment, randomization to laser treat- 
ment or to no treatment, follow-up exami- 
nations, photography, and tests of best- 
corrected visual acuity, contrast threshold, 
and reading speed were performed as de- 
scribed elsewhere.”” Patients assigned to 
laser photocoagulation also were assigned 
randomly to either krypton red laser or 
argon green laser treatment. Thus, about 
half the eyes were assigned to laser treat- 
ment and half to no treatment; about one 
quarter of the eyes (half the eyes assigned 
to laser treatment) were assigned to kryp- 
ton red laser treatment and one quarter to 
argon green laser treatment. Posttreat- 
ment stereoscopic color photographs of the 
macula were taken between 12 and 48 hours 
after treatment to document adherence to 
the laser treatment protocol. 

Eligibility was ascertained at the Fundus 
Photograph Reading Center in Baltimore, 
Md, by assessment of fundus and angio- 
graphic features from baseline photographs 
and fluorescein angiograms taken before 
randomization. Eligibility was assessed and 
recorded without knowledge of the treat- 
ment assignment. Posttreatment photo- 
graphs of eyes randomly assigned to treat- 
ment were evaluated and compared with 
the baseline photographs to assess compli- 
ance with the treatment protocol." 


Treatment and Follow-up 


Photocoagulation was performed in all 
clinical centers according to a standard pro- 
tocol. Either the krypton red or argon 
green laser was used, depending on the 
random assignment. Important features of 
the treatment protocol included availability 
of a fluorescein angiogram taken within 96 
hours before treatment and the goal of 
obliterating the neovascularization. In addi- 
tion to covering areas of classic and occult 
neovascularization and other components of 


Arch Ophthalmol—Vol 109, September 1991 


the recurrent lesion, intense photocoagula- 
tion burns were required to extend 100 pm 
beyond the perimeter of the lesion and 300 
um into the old treatment scar along the 
portion of the scar perimeter bordered by 
the recurrent lesion, and, whenever a feed- 
er vessel was visible, to cover the feeder 
vessel and an area 100 um beyond it on both 
sides and 300 um beyond the base. Further 
information about the treatment protocol is 
provided elsewhere." Retrobulbar anesthe- 
sia was recommended, but not required, to 
minimize discomfort and movement during 
treatment. 

Patients whose recurrent choroidal neo- 
vascular lesion had been treated were ex- 
amined, and fluorescein angiography was 
performed, 3 and 6 weeks after treatment. 
Fluorescein angiography was performed at 
the 3- and 6-month examinations, annually, 
and whenever necessary to evaluate symp- 
toms or changes in fundus appearance. Ad- 
ditional photocoagulation was to be per- 
formed whenever neovascularization was 
detected in the study eye as long as some 
portion of the retina within a radius of 1 disc 
diameter (1.5 mm or 1500 um) of the center 
of the FAZ would be left untreated and the 
total potential treatment scar would not 
exceed 6 dise areas (10.6 mm’) (Fig 1, 
bottom left). 


Data Monitoring 


This study was designed primarily to 
compare the effect on visual acuity of laser 
treatment with no additional treatment. 
The DSMC reviewed the accumulated data 
at semiannual meetings. The emphasis of 
these reviews was on consistency of ob- 
served treatment differences for a number 
of visual function outcomes. When the 
DSMC recommended publication of findings 
from the companion trial of laser treatment 
for subfoveal neovascularization in eyes 
that had not had previous macular photoco- 
agulation,’ they also recommended that fur- 
ther enrollment and randomization be halt- 
ed in the trial of laser treatment of 
subfoveal recurrent new vessels. This rec- 
ommendation was based on evidence of 
treatment benefit in the companion clinical 
trial and the consistency of the findings of 
the two studies. The MPS Executive Com- 
mittee and all MPS investigators reviewed 
the pertinent data in December 1990 and 
approved the recommendation. Thus, pa- 
tient enrollment and randomization were 
halted in December 1990. 


Data Analysis 


Change in visual acuity from baseline to 
each follow-up examination was the prima- 
ry outcome variable analyzed. Statistical 
methods employed for data analysis are the 
same as those described in a companion 
article appearing in this issue of the 
ARCHIVES.” P values have not been adjust- 
ed to account for repeated examination of 
the data or for multiple outcomes. 

Findings in this article are based on all 
data received at the MPS Coordinating 
Center through July 31, 1990, the cutoff 
date for the report on which the DSMC 
based its recommendation to publish find- 
ings. Every eye randomized is included in 


Table 1.—Principal Eligibility Criteria 


Fluorescein angiogram taken within 96 h of 
randomization that documented either 
leaking choroidal neovascular lesion 
under geometric center of foveal 
avascular zone (FAZ) contiguous with 
scar from earlier treatment or choroidal 
neovascularization within 150 um of FAZ 
center contiguous to scar from earlier 
laser treatment that had expanded under 
fovea 

No prior laser treatment to FAZ center 

Size of neovascular lesion and old 
treatment scar such that some portion of 
retina within 1 disc diameter (1.5 mm) of 
FAZ center would remain untreated and 
old and new treated area would not 
exceed 6 disc areas (10.6 mm?) if 
treatment were applied according to 
protocol 

Best-corrected visual acuity in study eye 
no better than 20/40 but no worse than 
20/320 (Snellen equivalents) 

Age =50 y 

No other eye disease that could 
compromise visual acuity 

No current or past use of systemic steroids 

Ability to return for follow-up examinations 

Signed informed consent 































the analyses with the group (no treatment, 
treatment with argon green laser, or treat- 
ment with krypton red laser) to which it 
was originally assigned. In most analyses, 
the two laser treatment groups were com- 
bined in accordance with the design and 
primary goal of the study. 


RESULTS 


A total of 206 eyes of 206 patients 
had been enrolled in the study by the 
cutoff date for this report. (Eight addi- 
tional eyes were enrolled between Au- 
gust 1, 1990, and December 1990, but 
data from these patients were not in- 
cluded in this report.) Ninety-seven 
eyes were assigned randomly to the 
treatment group (49 to argon green 
laser treatment and 48 to krypton red 
laser treatment), and 109 were as- 
signed to the no-treatment group. The 
number of eyes followed up for speci- 
fied periods is given in Table 2. More 
than half the eyes had been followed 
up for 18 or more months; the remain- 
ing patients had been enrolled too re- 
cently to be eligible for the 18-month 
examination. Of the 403 follow-up ex- 
aminations scheduled for treated eyes, 
11 examinations (8%) were not per- 
formed; of the 458 follow-up examina- 
tions scheduled for untreated eyes, 27 
(6%) were not performed. Three treat- 
ed patients and four untreated patients 
had died by the cutoff date for this 
report. 

Seventeen eyes (8%) that were ran- 
domized did not meet the eligibility 
criteria in effect at the end of the 
enrollment period. Seven (41%) of 
these 17 eyes were judged by Reading 
Center personnel as meeting the eligi- 
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Fig 1.— Top left, Early-phase of fluorescein angiogram shows fluorescein dye leakage from recurrent choroidal neovascu- 
larization (CNV) with well-demarcated borders (large arrow). Curved arrow indicates scar from prior laser treatment. Small 
arrow indicates center of foveal avascular zone (FAZ) as determined using early stereoscopic frames of the fluorescein 
angiogram and black-and-white stereoscopic photographs taken before fluorescein injection. Solid-line circle has a radius 
of 1 disc diameter (1500 um), represents 4 disc areas, and is concentric with the FAZ. Dashed-line circle is 6 disc areas or 
10.6 mm’. Lesion was eligible because application of protocol treatment would leave some portion of retina within 1500 pm 
of FAZ center (ie, inside solid-line circle) untreated and size of previous and new laser scars would not exceed 6 disc areas 
(ie, area inside dashed-line circle). The total area of the lesion is considered, rather than shape or location. Top right, Two- 
minute phase of angiogram shows increased fluorescein leakage from recurrent CNV (large arrow). Curved arrow indicates 
previous treatment scar. Center left, Photograph taken between 12 and 48 hours after laser treatment of eye in Fig 1, top left. 
Note uniform whitening of retina as required by study protocol. Center right, Composite drawing of areas of CNV (green) 
using Fig 1, top left, and laser treatment (orange) using Fig 1, center left, shows that laser treatment covered recurrent CNV 
and extended beyond recurrent CNV into uninvolved retina and scar (brown) from previous treatment. Bottom left, Early- 
phase of fluorescein angiogram taken 30 months after treatment of original recurrent CNV shows second recurrence (small 
arrows) on superior edge of scar (large arrow). Bottom right, Photograph taken between 12 and 48 hours after laser 
treatment of recurrent CNV shown in Fig 1, bottom left. Arrow indicates area of retreatment. 
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Fig 2.—Top left, Early-phase of fluorescein angiogram shows recurrent subfoveal choroidal neovascularization (CNV) with 
blocked fluorescence along border of CNV on temporal and superior edges (arrows). Top right, Photograph demonstrates 
that blocked fluorescence in Fig 2, top left, was due to accumulation of blood (arrows). Bottom left, Midphase of fluorescein 
angiogram demonstrates fluorescein leakage beyond recurrent CNV borders, with borders of early hyperfluorescence 
obscured by blood (arrows). Bottom right, Drawing made using Fig 2, top left, shows presumed boundaries of lesion (CNV 
and contiguous heavy blood). Solid-line circle has a radius of 1 disc diameter and is concentric with the foveal avascular 
zone (FAZ). Dashed-line circle measures 6 disc areas (10.6 mm’). Lesion was eligible because application of protocol 
treatment would leave some portion of retina within 1500 pm of FAZ center (ie, inside solid-line circle) untreated and size of 
previous and new laser scars would not exceed 6 disc areas (ie, area inside dashed-line circle). 


Table 2.—Number of Eyes Followed up for Specified Time or Longer * 


Treatment Group 
—___ mr —- —_—_ OO 


Observed 


Follow-up Time After 


Randomization, mo Expectedt 


No-Treatment Group 


Expectedt Observed 





92 


92 100 100 





83 


83 95 92 





83 79 





66 61 





47 





23 














* Median length of follow-up for both groups was 18 months. 
tOn patient death, number of eyes expected for the remaining follow-up times was decreased. 


bility criteria at enrollment, but did 
not meet the final criteria on reevalua- 
tion of photographs after a major 
change in interpretation of angio- 
graphic patterns of fluorescence was 
implemented in 1989. The most fre- 
quent reasons for failure to meet the 
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final criteria among the 17 eyes were 
poorly demarcated boundaries of the 
neovascular lesion (six eyes) and the 
CNV area constituting less than half of 
the recurrent lesion (eight eyes). 

The distributions of many baseline 
variables, the most important of which 
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are given in Table 3, were examined 
for imbalance between the treatment 
group and the no-treatment group. 
Older patients, men, and patients with 
recurrent lesions comprising blood or 
other areas of presumed neovasculari- 
zation were more likely to have been 
assigned to laser treatment. 


Visual Function Outcomes 


The visual acuity distributions for 
patients examined 3 months after ran- 
domization are shown in Table 4. Only 
four treated eyes (4%) had visual acu- 
ity better than 20/100, compared with 
13 untreated eyes (13%). Treated eyes 
had a worse mean visual acuity 
(20/250) than untreated eyes (20/200) 
(P=.07). At the 24-month examina- 
tion, the mean visual acuity of treated 
eyes remained 20/250, but the mean 
acuity of untreated eyes decreased to 
20/320 (P=.12). The proportion of un- 
treated eyes (41%) with visual acuity 
of 20/400 or worse was more than twice 
that of treated eyes (17%). 
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Table 3.—Characteristics on Baseline Examination * 


Characteristic 


Treatment Group 


No. (%) of Eyes 


eh 


No-Treatment 
Group 
(n = 97) (n = 109) 


1 (1.0) 3 (2.8) 





20 (20.6) 37 (33.9) 





58 (59.8) 54 (49.5) 





18 (18.6) 15 (13.8) 





53 (54.6) 
44 (45.4) 


46 (42.2) 
63 (57.8) 





Visual acuity in study eye 
20/40-20/80 


22 (22.7) 27 (24.8) 





20/ 100-20/ 160 
20/200-20/320 


43 (39.4) 
39 (35.8) 


44 (45.4) 
31 (32.0) 





Size of total lesion, disc areasł 
<1 


10 (10.3) 19 (17.4) 





>1 and <2 
>2 and <3.5 
>3.5 and <6 


Composition of recurrent lesion 
Recurrent classic CNV only 


37 (33.9) 
40 (36.7) 
13 (11.9) 


38 (39.2) 
35 (36.1) 
14 (14.4) 





39 (40.2) 59 (54.1) 





Recurrent classic CNV and EBF only 
Recurrent classic CNV and blood only 
Classic CNV with other areas of presumed 
CNV 
Lesion component in FAZ center 
Recurrent CNV 


23 (23.7) 
17 (17.5) 


23 (21.1) 
14 (12.8) 


18 (18.6) 13 (11.9) 





75 (79.0) 92 (86.0) 





Laser scar, recurrent CNV 
within 150 um 


20 (21.0) 15 (14.0) 





Hypertensive status§ 
Normal 


Suspect 





27 (27.8) 
19 (19.6) 


26 (23.9) 
23 (21.1) 





Definite 


History of cigarette smoking 
Never smoked 


Quit smoking 


51 (52.6) 60 (55.0) 


33 (34.0) 35 (32.4) 





47 (48.5) 47 (43.5) 





Currently smoking 


17 (17.5) 26 (24.1) 





Visual acuity of fellow eye 
20/20 or better 


20/25-20/200 


34 (35.1) 
32 (33.0) 


36 (33.0) 
41 (37.6) 





Worse than 20/200 


Status of fellow eye 
No classic CNV or scar 


Classic CNV or scar 


31 (32.0) 32 (29.4) 


55 (61.1) 
35 (38.9) 





58 (60.4) | 
38 (39.6) 


* Characteristics were not reported for some eyes. Those eyes have been excluded from the calculations for 
those characteristics. CNV indicates choroidal neovascularization; EBF, elevated blocked fluorescence; and 


FAZ, foveal avascular zone. 


+P value, x’ test for homogeneity for unordered categories, test for trend for ordered categories. 


One disc area equals 1.77 mm?. 


§ Definite hypertension was defined as one or more of the following conditions: systolic blood pressure of at 
least 160 mm Hg, diastolic blood pressure of at least 95 mm Hg, or use of antihypertensive medication. Blood 
pressure limits are World Health Organization” criteria for definition of hypertension. Suspect hypertension was 
defined as systolic blood pressure between 140 and 160 mm Hg or diastolic blood pressure between 90 and 
95 mm Hg in the absence of antihypertensive medication. Patients without hypertension had systolic blood 
pressure below 140 mm Hg and diastolic blood pressure below 90 mm Hg in the absence of antihypertensive 


medication. 


The distribution of change in visual 
acuity from baseline to 3 and 24 
months after randomization is shown 
in Table 5. At 3 months after random- 
ization, treated eyes had an average 
decrease in visual acuity of 2.4 lines 
from baseline; untreated eyes had an 
average decrease in visual acuity of 1.7 
lines (P=.11). At 24 months after ran- 
domization, treated eyes had an aver- 
age decrease in visual acuity of 2.7 
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lines from baseline, while untreated 
eyes had an average decrease in acuity 
of 3.4 lines (P=.46). Figure 3 shows 
the mean change in visual acuity by 
treatment group at each follow-up ex- 
amination. Treated eyes showed a pat- 
tern of decrease in visual acuity of 
approximately 2.5 lines 3 months after 
treatment, followed by relatively sta- 
ble visual acuity through 30 months 
after treatment. Untreated eyes had 


smaller decreases in visual acuity with- 
in the first 3 months of follow-up than 
did treated eyes but continued to expe- 
rience further decreases in visual acu- 
ity at later follow-up times. By the 6- 
month follow-up examination, the 
mean decrease in visual acuity (2.3 
lines) in the treated eyes was 0.5 lines 
less than that of untreated eyes (2.8 
lines); by the 12-month examination, 
the difference between the two means 
had increased to 1.1 lines. 

The percentage of eyes in each treat- 
ment group with a decrease from base- 
line in visual acuity of 6 or more lines 
(corresponding to quadrupling of the 
minimum angle of resolution) showed a 
similar pattern to mean change in visu- 
al acuity. At 3 months after random- 
ization, the visual acuity of 13 treated 
eyes (14%) but only nine untreated 
eyes (9%) had decreased by 6 or more 
lines (Table 5; P=.28). At 24 months 
after randomization, the findings had 
reversed: three treated eyes (9%), but 
13 untreated eyes (28%) had a decrease 
in acuity of 6 or more lines from base- 
line (P=.03). The proportion of treat- 
ed eyes with a decrease in visual acuity 
of 6 or more lines remained close to 
10% from 3 through 30 months of fol- 
low-up. The proportion of untreated 
eyes that experienced such large de- 
creases increased from 9% at 3 months 
of follow-up to 32% at 18 months of 
follow-up (Fig 4). 

Multiple regression models” were 
applied to these data to adjust for the 
possibly confounding effects of several 
baseline covariates (initial visual acu- 
ity of the study eye, patient age, pa- 
tient gender, size of the neovascular 
lesion, composition of the recurrent 
lesion, and status of the fellow eye). 
These models reduced the benefit of no 
treatment at 3 months and increased 
the benefit of treatment at later follow- 
up times. 

Tests of reading speed and contrast 
threshold were also used to assess the 
effects of laser treatment. The distri- 
butions of the number of words per 
minute that could be read by the pa- 
tient using only the study eye at the 
initial, 3-month, and 24-month exami- 
nations are shown in Table 6. Treated 
eyes had worse reading speeds than 
untreated eyes at 3 months (P=.09) 
but better reading speeds at 24 months 
(P=.24). The contrast threshold 
scores showed a different pattern from 
that observed for visual acuity and 
reading speeds. Treated eyes tended 
to retain the contrast threshold mea- 
sured at the initial visit throughout the 
follow-up period (Table 7). The median 
percentage contrast required to identi- 
fy letters was 14% or less at each 
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y 


follow-up examination through 24 
months in the treatment group. Un- 
treated eyes tended to have worse 
contrast threshold during follow-up. 
The median percentage contrast re- 
quired for untreated eyes to identify 
letters increased from 10% at the ini- 
tial visit to 14% at 3 months to 20% at 
24 months. Although eyes assigned to 


treatment initially required more con- 
trast to identify letters, by 24 months 
treated eyes required less contrast 
(P=0.01). 

The consistency of the treatment 
effect on visual acuity was examined 
within many subgroups. Because the 
numbers of patients followed up for 24 
months were insufficient for subgroup 


Table 4.—Visual Acuity of Study Eye 3 and 24 Months After Randomization 


24 mo 


Treatment 

Group, No. 

(%) of Eyes 
(n = 92) 


Visual Acuity 


No-Treatment 
Group, No. 
(%) of Eyes 

(n = 99) 


Treatment 

Group, No. 

(%) of Eyes 
(n = 35) 


No-Treatment 
Group, No. 
(%) of Eyes 

(n = 46) 





20/25-20/80 


4 (4.3) 


13 (13.1) 


1 (2.9) 2 (4.3) 





20/ 100-20/ 160 
20/200-20/320 
20/400-20/640 


19 (20.7) 
53 (57.6) 
15 (16.3) 


27 (27.3) 
40 (40.4) 
16 (16.2) 


5 (14.3) 
23 (65.7) 


10 (21.7) 
15 (32.6) 
12 (26.1) 





20/800 or worse 1 (1.1) 


P = .07 (NT)* 
Mean visual 


acuity 20/250 


3 (3.0) 


o 


20/200 


7 (16.2) 


m 


P= .12 (T)* 


20/250 20/320 





* Pvalue, x? test with quantitatively ordered classes. Abbreviations in parentheses indicate the group that had 
the better outcome. T indicates treatment group; NT, no-treatment group. 


Table 5.—Change in Visual Acuity in Study Eye From Initial Visit to 3 and 24 Months 
After Randomization 


MM 
No-Treatment 
Group, No. 
(%) of Eyes 
(n = 99) 


Treatment 
Group, No. 

(%) of Eyes 
(n = 92) 


Decrease in 
Visual Acuity, 
No. of Lines 


24 mo 
OC er 
Treatment No-Treatment 
Group, No. Group, No. 
(%) of Eyes (%) of Eyes 

(n = 35) (n = 46) 


39 (42.4) 47 (47.5) 10 (28.6) 15 (32.6) 


2-3 24 (26.1) 
16 (17.4) 
13 (14.1) 


P= .11 (NT)* 
Mean decrease 
in visual acuity, 
No. of lines 


34 (34.3) 
9 (9.1) 
9 (9.1) 


——— 


10 (28.6) 10 (21.7) 
12 (34.3) 8 (17.4) 


3 (8.6) 13 (28.3) 


a 


P = .46 (T)* 





* Pvalue, x? test with quantitatively ordered classes. Abbreviations in parentheses indicate the group that had 
the better outcome. T indicates treatment group; NT, no-treatment group. 


Fig 3.—Mean decrease in visual acuity from baseline to each specified 


time. Solid line indicates treatment group; dashed line, no-treatment 


group. 


Decrease in Visual Acuity, 
No. of Lines 


OL 76 12 18 


Follow-up, mo 
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analyses, the results at 12 months af- 
ter randomization for the most impor- 
tant subgroups are shown in Table 8. 
At the 12-month follow-up examina- 
tion, treatment was better than no 
treatment in most subgroups consid- 
ered. The magnitude and direction of 
the treatment effect varied somewhat 
among the subgroups; however, only 
the age and gender of the patient 
modified the treatment effect to a sta- 
tistically significant degree (Table 8; 
P.<.05). After adjustment for the pos- 
sibly confounding effects for several 
baseline covariates, neither patient 
age nor gender influenced the treat- 
ment effect to a statistically significant 
degree. 

Outcomes within subgroups based 
on the initial visual acuity of the study 
eye were of particular interest. Eyes 
with relatively good initial visual acu- 
ity (20/40 to 20/100) had a larger mean 
decrease in visual acuity, whether 
treated or untreated, than eyes with 
poorer initial visual acuity (Fig 5). 
Among eyes with relatively good visu- 
al acuity, treated eyes had a slightly 
larger mean decrease in visual acuity 
than untreated eyes at the 3-month 
examination, but a slightly smaller 
mean decrease than untreated eyes at 
later follow-up times (Fig 5, left). 
Among eyes that had initial visual 
acuity between 20/125 and 20/160, 
there was little difference between 
treated and untreated eyes in mean 
change in visual acuity at any follow-up 
examination (Fig 5, center). Among 
eyes with initial visual acuity of 20/200 
or worse, treated eyes had a smaller 
mean decrease in visual acuity than 
untreated eyes 6 months after random- 
ization and thereafter (Fig 5, right). 

The influence of laser wavelength on 
visual acuity was examined by compar- 
ing eyes treated with argon green la- 
ser with eyes treated with krypton red 


Fig 4.—Proportion of eyes with decreases in visual acuity of 6 or more 


lines from baseline at each specified time. Solid line indicates treat- 
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ment group; dashed line, no-treatment group. 
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eee nee 
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os tle” 


atc ns BSE a a 


etre 


Initial Visit 


Treatment 
Group, 
% of Eyes 
(n = 75) 
9.3 


Reading Speed, 
words/min 


No-Treatment 


_-_-_-?e,_raOCOeeeeeees, 
No-Treatment 
Group, 
% of Eyes 
(n = 79) 


Treatment 
Group, Group, 
% of Eyes % of Eyes 


(n = 85) (ni = 72) 


24 mo 
reek rtrrr -::.,0O O01, 
Treatment No-Treatment 
Group, Group, 
% of Eyes % of Eyes 
(n = 34) (n = 46) 





9.4 4.2 2.5 





20.0 
Unable to read 8.0 


P = .22 (NT)* 


Median reading 
speed, words/min 


Initial Visit 
—_—_—— EEE 
No-Treatment 


Treatment 
Group, 
% of Eyes 
(n = 78) 
47.4 


Contrast Required 
to Identify 
Letters, % 


% of Eyes 


0.0 0.0 





P = .09 (NT)* 


Treatment 
Group, 
% of Eyes 
(n = 73) 

49.3 40.7 


Group, 


(n = 86) 





——__-- --«xKrrrww———————_———.).—ow® 
No-Treatment 
Group, 

% of Eyes 
(n = 81) 





24 mo 
ee ee 
Treatment No-Treatment 
Group, Group, 
% of Eyes % of Eyes 
(n = 34) (n = 48) 
38.2 17.4 





30.8 
16.7 


34.2 37.0 


41.2 41.3 





13.7 aU | 








2.6 





2.6 


1.4 8.6 


14.7 
0.0 





1.4 2.5 


a 


P = .02 (NT)* 


Median contrast 
threshold, % 


laser at each follow-up time. Eyes 
treated with krypton red laser had a 
decrease in visual acuity of 0.5 lines 
more, on average, than eyes treated 
with argon green laser (95% confidence 
interval [CI], —0.5 to 1.5; P=0.34). 
Multivariate adjustment reduced the 
difference in visual acuity decreases 
between the two groups to 0.2 lines 
(95% CI, —0.7 to 1.0; P=.68). Pa- 
tients whose eyes were treated with 
argon green laser could read 16 words 
per minute faster than those treated 
with krypton red laser (95% CI, 3 to 
28; P=.02). Eyes treated with a kryp- 
ton laser required 1.4 times more con- 
trast to identify letters than eyes 
treated with an argon laser (P=.05). 


Complications and Conditions 
Associated With Treatment 


Complications and other conditions 
associated with treatment were re- 
corded by the treating ophthalmologist 
during the treatment session and by 
Fundus Photograph Reading Center 
staff based on color photographs taken 
between 12 and 48 hours after treat- 
ment. Of the 97 treated eyes, 34 (85%) 
had one or more complications or con- 
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ditions reported by either of the two 
sources of information (Table 9). 
Figure 6 shows the estimated cumu- 
lative proportion of patients exhibiting 
evidence of further persistent or recur- 
rent neovascularization after treat- 
ment of the recurrent CNV. Twenty- 
two percent of patients had persistent 
neovascularization (ie, fluorescein 
leakage from the periphery of the 
treatment scar on an angiogram taken 
3 or 6 weeks after treatment). In an 
additional 26% of eyes assigned to 
laser treatment, recurrent neovascu- 
larization had developed by the 24- 
month follow-up examination. The inci- 
dence of persistence and recurrence in 
the argon laser-treated group was 
similar to the incidence in the krypton 
laser-treated group (log-rank test, 
P=.9). Although the absolute levels 
of visual acuity, reading speed, and 
contrast threshold given in Table 10 
were similar in eyes with or without 
persistent or recurrent neovasculariza- 
tion, eyes developing recurrent CNV 
within 12 months of treatment had an 
average decrease in visual acuity of 1.3 
lines more than those who did not 
develop recurrent CNV (P=.06), and 


5.9 





a higher proportion of patients with 
recurrent CNV had a decrease in visu- 
al acuity of 6 or more lines (P = .05). 
By 24 months after treatment, the 
differences in visual acuity decreases 
between the two groups were not as 
large and not statistically significant 
(P>.25). 


COMMENT 


Although laser photocoagulation of 
CNV in eyes with AMD has been 
demonstrated to prevent or delay de- 
creases in visual acuity,” the benefits 
of treatment may be reduced or negat- 
ed by persistent or recurrent neovas- 
cularization along the borders of the 
laser scar.’ Whenever recurrent CNV 
has extended under the center of the 
FAZ, the dilemma for the ophthalmol- 
ogist and the patient has been whether 
to continue treatment of leaking ves- 
sels in the hope of eventual obliteration 
of neovascularization or to discontinue 
treatment to avoid damaging the fovea 
and to retain as much central vision as 
possible. Olk and Burgess" reported 
their experience with treating recur- 
rences into the FAZ, but not under the 
fovea. However, their study did not 
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Characteristic 





All eyes 


Treatment 
Group 
T 
NT 


No. of 
Eyes 


Decrease in Visual Acuity, % 


ooo: nnn ek eee 
<2 Lines 2-3 Lines 4-5 Lines =6 Lines 


27 
16 


























Initial visual acuity, study eye 
20/40-20/ 100 





20/ 125-20/ 160 





20/200 or worse 











Size of total lesion, disc areast 


<2 





>2 


Composition of recurrent lesion 
Classic CNV only 


Classic CNV and other lesion 
components 





Hypertensive status} 
Normal or suspect 





Definite 








History of cigarette smoking 
Never smoked or quit smoking 


Currently smoking 





Status of fellow eye 
No lesion 





Classic CNV or scar 


*T indicates treatment group; NT, no-treatment group; NA, not applicable; and CNV, choroidal neovascularization. P values from a x? test for quantitatively ordered 
categories. P, values from a test of interaction. 

tOne disc area equals 1.77 mm’. 

Definite hypertension was defined as one or more of the following conditions: systolic blood pressure of at least 160 mm Hg, diastolic blood pressure of at least 95 
mm Hg, or use of antihypertensive medication. Blood pressure limits are World Health Organization criteria for definition of hypertension.'? Suspect hypertension was 
defined as systolic blood pressure between 140 and 160 mm Hg or diastolic blood pressure between 90 and 95 mm Hg in the absence of antihypertensive medication. 
Patients without hypertension had systolic blood pressure below 140 mm Hg and diastolic blood pressure below 90 mm Hg in the absence of antihypertensive medication. 


Fig 5.—Mean decrease in visual acuity from baseline examination to each specified time. Solid line indicates treatment 
group; dashed line, no-treatment group. Left, Eyes that had initial visual acuity of 20/40 to 20/100. Center, Eyes that had 
initial visual acuity of 20/125 to 20/160. Right, Eyes that had initial visual acuity of 20/200 or worse. 
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Table 9.—Number of Eyes With Specified Condition 
Associated With Laser Treatment 


Visual Acuity at Most 
Recent Visit, 
No. of Eyes 
M 
=6-Line 
Decrease 


No. of 
Condition Eyes 
New hemorrhage during 
treatment, identified using 
posttreatment photographs 
Retinal and/or vitreous 
hemorrhage identified during 
treatment 6 


Perforation of Bruch's 
membrane 2 1 


Retinal pigment epithelium rip 2 2 


<20/400 


Cumulative Proportion 
of Eyes 
With Recurrence 


te) 


Retrobulbar hemorrhage * o 0 


One or more of the above 34 5 





* Forty-two laser-treated eyes did not receive retrobulbar anesthesia. 


Time 
After Initial Persistence or No. of 


Recurrence Eyes 


Treatment, y 


Mean =6-Line 
Mean Change in VA, 


VA No. of Lines % of Eyes 


Decrease in VA, 





“0.3 6 12 18 #24 90 36 


Follow-up, mo 


Fig 6.—Proportion of eyes in which recurrent neovascularization had 
developed by each specified time. 


Median 
Reading Speed, 
words/min 


Median Contrast 
Threshold, % 








44 
26 


20/250 =1.8 5 
20/250 =o. 22 
20/250 
20/250 





40 
36 


“VA indicates visual acuity. Sample sizes are two or three less in each group for reading speed and contrast threshold at 1 year; there were 19 eyes without per- 


sistence or recurrence for these measures at 2 years. 


include an untreated control group for 
comparison. To our knowledge, this is 
the first randomized clinical trial de- 
signed specifically to address the issue 
of whether laser treatment of subfo- 
veal recurrent neovascularization con- 
fers better or worse vision than aban- 
doning treatment once the recurrence 
is subfoveal. 

Although the statistical power of 
this study was insufficient to ensure 
that all clinically significant differences 
between treated and untreated eyes 
would be detected, statistically signifi- 
cant differences were detected in the 
proportion of patients who suffered 
large decreases in visual acuity and 
mean levels of contrast threshold 24 
months after enrollment. Findings 
from the test of reading speed also 
showed benefits of laser treatment 24 
months after enrollment. Further- 
more, the findings are consistent with 
a beneficial long-term effect of treat- 
ment demonstrated in a larger com- 
panion clinical trial conducted by the 
same group of investigators.’ In the 
companion study of 373 eyes that pre- 
sented initially with subfoveal choroi- 
dal neovascularization and no previous 
laser treatment in the macula, by 24 
months after enrollment laser-treated 
eyes had smaller decreases in visual 
acuity from baseline, had better con- 
trast thresholds, and were more often 
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able to read large printed text (compa- 
rable to highly magnified text) than 
were untreated eyes, despite signifi- 
cant decrease in visual acuity during 
the first few months after treatment. 
These findings are echoed in the pre- 
sent study, although in a smaller num- 
ber of patients. Three times as many 
untreated eyes as laser-treated eyes 
had decreases in visual acuity of 6 or 
more lines from baseline by 24 months 
after enrollment (Table 5 and Fig 4). 
Nearly three times as many untreated 
eyes as laser-treated eyes were unable 
to read large printed text 24 months 
after enrollment (Table 6). Further- 
more, twice as many untreated eyes as 
laser-treated eyes required contrast of 
more than 80% to identify large letters 
(Table 7). By 6 months after enroll- 
ment, laser-treated eyes and untreat- 
ed eyes had about equal decreases in 
visual acuity; on average, treated eyes 
had better vision thereafter (Fig 3). 
Laser treatment of subfoveal recur- 
rent CNV had a beneficial effect on 
visual acuity in most subgroups exam- 
ined (Table 8). All patients continue to 
be followed up to evaluate the long- 
term effectiveness of laser treatment. 
That laser treatment of subfoveal 
recurrent CNV did not lead to worsen- 
ing of contrast threshold was particu- 
larly striking (Table 7). Patients who 
have better contrast threshold have 


been shown to be better able to per- 
form functional tasks than patients 
who have equivalent visual acuity but 
poorer contrast threshold.” 

Despite the reported frequency of 
recurrent neovascularization after la- 
ser treatment, it was difficult to re- 
cruit patients for this study. As in the 
companion study, MPS ophthalmolo- 
gists frequently sought an opinion re- 
garding eligibility from the Fundus 
Photograph Reading Center investiga- 
tors before enrolling patient candi- 
dates whom they judged to be eligible. 
A large proportion of these candidates 
were ruled ineligible and were not 
enrolled. About one third of all candi- 
dates thus excluded did not satisfy the 
requirement that the borders of the 
recurrent lesion be well demarcated.” 

In addition to ascertaining that pa- 
tients considered for laser treatment of 
subfoveal recurrent neovascularization 
have lesions that meet MPS eligibility 
criteria,” ophthalmologists should pre- 
pare the patient for an immediate de- 
crease in visual acuity after treatment, 
about 2.5 lines on average, followed by 
stable visual acuity thereafter. The 
magnitude of decrease in visual acuity 
immediately after treatment was 
greater for eyes with better visual 
acuity in this study (Fig 5). Because 
there was no significant benefit of 
treatment on vision until about 12 
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a 


months after enrollment, the patient’s 
overall health, ability to cope with an 
immediate decrease in vision, and oth- 
er personal factors should be consid- 
ered when deciding whether and when 
to undertake laser treatment of the 
fovea. 

The findings of this study, coupled 
with the high rate of recurrent CNV 
after treatment of extrafoveal and par- 
afoveal (juxtafoveal) choroidal neovas- 
cular lesions associated with AMD, 
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emphasize the need for careful follow- 
up of all patients after laser treatment 
of CNV to detect recurrence. The MPS 
investigators emphasize that the find- 
ings reported herein apply only to sub- 
foveal recurrent neovascularization af- 
ter laser treatment of juxtafoveal and 
extrafoveal CNV secondary to AMD. 
The visual outcome in eyes with either 
treated or untreated subfoveal recur- 
rences secondary to other causes, such 
as ocular histoplasmosis or idiopathic 
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Subfoveal Neovascular Lesions 
in Age-Related Macular Degeneration 


Guidelines for Evaluation and Treatment in the Macular Photocoagulation Study 


Macular Photocoagulation Study Group 


e The Macular Photocoagulation 
Study (MPS) guidelines for interpreting 
angiograms of eyes with subfoveal cho- 
roidal neovascularization (CNV) second- 
ary to age-related macular degeneration 
and for treating these lesions are de- 
scribed to assist ophthalmologists in ap- 
plying the results of the MPS clinical 
trials of laser treatment. The MPS criteria 
for treatment of subfoveal neovascular 
lesions require the following conditions: 
(1) the presence of classic CNV, (2) well- 
demarcated lesion boundaries, and 
(3) size less than or equal to 3.5 disc 
areas (if no previous treatment of CNV in 
the macula was performed). In subfoveal 
recurrent CNV, size had to be such that 
after treatment of the recurrence, the 
final treatment scar (prior treatment scar 
and newly treated area) would be no 
larger than 6 disc areas and would spare 
some retina within 1500 um of the center 
of the foveal avascular zone. Treatment 
of all classic and occult CNV and areas in 
which the boundaries of CNV may be 
obscured is recommended, as is treat- 
ment extending at least 100 pm beyond 
the peripheral boundaries of the lesion. 
In subfoveal recurrent CNV, treatment 
should also extend at least 300 pm into 
the previous treatment scar and cover 
any feeder vessels. The desired end 
point for the intensity of the laser burns 
is a uniformly white lesion. 

(Arch Ophthalmol. 1991;109:1242-1257) 
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Je 1986, the Macular Photocoagula- 

tion Study (MPS) Group began two 
randomized clinical trials of laser treat- 
ment of subfoveal choroidal neovascu- 
lar lesions secondary to age-related 
macular degeneration (AMD). Patients 
with subfoveal lesions were enrolled 
from 1986 through 1990 and randomly 
assigned to undergo laser treatment or 
observation. One trial was begun to 
examine subfoveal choroidal neovascu- 


See also pp 1217, 1220, 
1232, and 1258. 


larization (CNV) in eyes with no previ- 
ous photocoagulation in the macula, 
while a companion trial was begun to 
examine subfoveal recurrent neovascu- 
larization that developed after laser 
treatment of extrafoveal or juxtafoveal 
neovascularization. Results from these 
studies support a recommendation for 
laser treatment in eyes with subfoveal 
neovascular lesions that meet the eligi- 
bility criteria applied in these two 
studies, as long as both the patient and 
the ophthalmologist are prepared for a 
decrease in visual acuity immediately 
after treatment. `” 

The immediate goal of treatment in 
each of the MPS clinical trials was to 
photocoagulate the entire area of 
CNV. To treat the entire area of CNV, 
the ophthalmologist had to be able to 
identify the boundaries of the choroidal 
neovascular lesion. Delineating the 
boundaries of CNV in eyes with AMD 
is often difficult. Although CNV in 
AMD is thought to begin with in- 
growth of choroidal capillaries through 
a break in the outer aspect of Bruch’s 
membrane,”’ the CNV often is accom- 
panied by ingrowth of fibrous scar 
tissue. A choroidal neovascular lesion 
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may have a variety of complex angio- 
graphic appearances. Recognition of 
the different angiographic presenta- 
tions of these lesions was an evolving 
process during the early period of the 
MPS trials of laser treatment of subfo- 
veal CNV. This evolution among MPS 
investigators in interpretating the ap- 
pearance of CNV in fluorescein angio- 
grams reflected evolution of interpre- 
tation within the ophthalmologic 
community.”” By the end of 1988, the 
MPS investigators concluded from 
their experience and from research by 
others that the standard interpretation 
of fluorescein angiograms that had 
been adopted at the beginning of the 
clinical trials no longer could be accept- 
ed as accurately describing the differ- 
ent aspects of these neovascular le- 
sions. Therefore, beginning in January 
1989, all angiograms of new enrollees 
in the clinical trials were classified 
using the system described in this arti- 
cle. In addition, all angiograms of pa- 
tients already enrolled in the clinical 
trials were reinterpreted using the 
same system. This article describes 
how the MPS investigators interpret- 
ed angiograms of eyes with subfoveal 
CNV secondary to AMD, how they 
applied the eligibility criteria of these 
trials, and how they treated eligible 
subfoveal lesions randomly assigned to 
laser photocoagulation. This informa- 
tion should help ophthalmologists de- 
termine which patients have subfoveal 
lesions that meet the MPS criteria and, 
therefore, which should be considered 
for laser photocoagulation treatment. 


PATIENTS AND METHODS 
Identification of CNV 


A small set of photographs facilitates 
identifying the variety of appearances of 
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Fig 1.—Classic choroidal neovascularization (CNV). Left, Early phase of angiogram shows fluorescein leakage from well- 


demarcated CNV, surrounded by thin rim of blocked fluorescence (arrow); blocked fluorescence appeared flat on stereoscopic 
angiography. Right, CNV (green) on fluorescein angiogram. Arrow indicates foveal center. Center of foveal avascular zone 
was determined using early phase of stereoscopic fluorescein angiogram and black-and-white stereoscopic photographs 
taken before fluorescein injection. Boundaries of entire lesion to be treated in this case only include boundaries of CNV, not 
boundaries of flat, blocked fluorescence. (Lesion met all angiographic eligibility criteria listed in Table 1.) 


CNV secondary to AMD. This photographic 
set includes the following items: (1) red- 
free, stereoscopic black-and-white fundus 
photographs of the macula; (2) rapid-se- 
quence photographs of the macula taken 
during fluorescein dye transit, including at 
least one stereoscopic pair; (3) stereoscopic 
pair of the macula taken approximately 30, 
40, 60, 90, 120, and 180 seconds after dye 
injection; (4) late-phase stereoscopic pair of 
the macula taken 5 and 10 minutes after dye 
injection; and (5) stereoscopic color fundus 
photographs of the macula.’ Because CNV 
growth can be continuous,” the size of the 
CNV and the area of retina to be treated 
ean quickly change. Therefore, the MPS 
protocol required that a fluorescein angio- 
gram no more than 96 hours old be available 
during treatment.’* From these photo- 
graphic materials, two basic angiographic 
patterns of CNV were identified in the 
MPS—classie CNV and occult CNV. 

Classic CNV.—Classic CNV is charac- 
terized by an area of choroidal hyper- 
fluorescence with well-demarcated bound- 
aries that can be discerned in the early 
phase of the angiogram (Fig 1). Only occa- 
sionally, fluorescein within the actual capil- 
lary network of the CNV can be discerned 
in the early phase of the angiogram, con- 
trary to the widely held view that CNV 
presents angiographically as a lacy network 
of vessels that fluoresces early in the angio- 
gram. Although this lacy pattern is com- 
monly seen in CNV secondary to the ocular 
histoplasmosis syndrome, it is unusual in 
AMD. In later phases of the angiogram, 
progressive pooling of dye leakage occurs in 
the overlying subsensory retinal space and 
usually obscures the boundaries of the CNV 
(Fig 2). 

Occult CNV.—Macular Photocoagulation 
Study investigators also recognized two 
other patterns of hyperfluorescence be- 
lieved to represent “occult” forms of CNV. 
To aid in the recognition of occult CNV, 
stereoscopic angiography is extremely use- 
ful. The two occult forms are fibrovascular 
pigment epithelial detachment (PED) and 
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late-phase leakage of an undetermined 
source, 

Fibrovascular PED is illustrated in Figs 
3 and 4. Areas of irregular elevation of the 
retinal pigment epithelium (RPE) are de- 
tectable on stereoscopic frames of the an- 
giogram. These areas are neither as dis- 
crete nor as bright as areas of classic CNV 
in the transit phase of the angiogram (Fig 3, 
second from top). Within 1 to 2 minutes 
after fluorescein injection, an area of stip- 
pled hyperfluorescence is usually apparent 
(Fig 3, second from bottom). By 10 minutes 
after injection, there is persistent fluoresce- 
in staining or leakage within a sensory 
retinal detachment overlying this area (Fig 
3, bottom left). 

The exact boundaries of fibrovascular 
PEDs can be determined only when fluores- 
cence sharply outlines the elevated RPE 
(Figs 3 and 4). Unfortunately, elevated 
RPE is not usually precisely outlined, as 
shown in Fig 5, which includes occult CNV 
with fibrovascular PED that has poorly 
demarcated boundaries. Frequently, the in- 
tensity of fluorescence at the boundary of 
the elevated RPE is quite irregular, with 
some areas fading relative to the fluores- 
cence of the remaining areas of elevated 
RPE, making it difficult to distinguish the 
boundaries of fading fluorescence of the 
occult CNV from the fading fluorescence of 
the surrounding RPE. Furthermore, the 
borders of elevated RPE often slope gradu- 
ally downward to surrounding flat RPE, so 
that the demarcation between elevated 
RPE and flat RPE cannot be determined 
with certainty (Fig 5, top right and center). 

Fibrovascular PEDs should not be con- 
fused with typical, classic serous detach- 
ments of the RPE.*™ In the latter, one sees 
a uniform, smooth elevation of the RPE 
with early, sharply demarcated, fairly uni- 
form hyperfluorescence that persists in the 
late phase of the angiogram.” ™” 

As we recognized areas of fibrovascular 
PED as a form of occult CNV, we also 
recognized that in some eyes this angio- 
graphic feature is noted in the early phase 
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of the angiogram but fades in the midphase 
and late phase (Fig 6). We were reluctant to 
apply laser treatment to an area in which 
fluorescence that was presumed to harbor 
CNV, based on the early phase of the 
angiogram, faded in the late phase. This 
reluctance stems from established interpre- 
tations that CNV is present only in areas of 
persistent staining and leakage on the late 
phase of the angiogram.'*” Therefore, a 
standard for minimal fibrovascular PED 
staining (Fig 7) was adopted to distinguish 
occult CNV that faded in the late phase of 
the angiogram from those that did not fade. 
The MPS investigators believe that areas of 
fibrovascular PED that had at least the 
amount of staining in the late phase of the 
angiogram shown in Fig 7 represented oc- 
cult CNV and were willing to apply laser 
treatment to such eyes when they were 
randomized to receive treatment. 

Late-phase choroidal fluorescein leakage 
of undetermined source often appears as 
speckled hyperfluorescence with pooling of 
dye in the overlying subsensory retinal 
space. The source of this leakage cannot be 
discerned in earlier phases of the angiogram 
(Figs 5 and 8). In occult CNV with late- 
phase leakage of undetermined source, cho- 
roidal leakage is apparent between 2 and 5 
minutes after fluorescein injection (Fig 8, 
bottom left and bottom right). However, on 
earlier phases of the angiogram (Fig 8, top 
right), there is no discernible, discrete, 
well-demareated area of hyperfluorescence 
that might be considered the source of 
leakage. Therefore, the boundaries of this 
second pattern of occult CNV are never 
well demarcated. 

Late leakage of undetermined source in 
occult CNV is to be distinguished from 
classic CNV in which the filling of choroidal 
vessels with dye may be slow, although 
vessels are discernible in the early phase of 
the angiogram. In this previously de- 
scribed” slow-filling form of classic CNV, 
the boundaries of the CNV are not well 
visualized until about 2 minutes after dye 
injection. In these cases of slow dye leak- 
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Fig 2.—Classic choroidal neovascularization (CNV) that underwent 
treatment. Top left, Early phase of fluorescein angiogram shows early 
filling of CNV and central feeder vessels (arrows). Top right, Photo- 
graph taken 1 minute after fluorescein injection shows fluorescein 
leakage of CNV but not of central feeder vessels. Center left, Late 
phase of angiogram shows pooling of dye in subsensory retinal space, 
obscuring boundaries of CNV demarcated in early phase of angio- 
gram (top left). (Lesion met all angiographic eligibility criteria listed in 
Table 1.) Center right, Photograph taken 12 to 48 hours after laser 
treatment. Note uniform whitening of retina. Bottom right, Composite 
drawing using pretreatment fluorescein angiogram (top left) and post- 
treatment color photograph (center right) shows feeder vessels within 
CNV (green) and extent of treatment (orange). Treatment extends, as 
required, at least 100 um beyond CNV. 


Fig 3.—Classic and occult choroidal neovascularization (CNV) with well-demarcated borders. Top left and top right, Stereoscopic 
photographs to be viewed with two + 5.00-diopter lenses show scar from prior photocoagulation (large arrow) surrounded by several 
clues to suggest recurrent CNV, including subretinal hemorrhage, subretinal lipid, irregular elevation of retinal pigment epithelium 
(RPE; open arrows), subretinal fibrosis (curved arrow), and overlying subretinal fluid. Second from top, Stereoscopic photographs 
from early phase of fluorescein angiogram show area of classic CNV (small arrow), scar from prior laser treatment (large arrow), and 
irregular elevation of RPE with stippled hyperfluorescence (open arrows) representing fibrovascular PED inferior and temporal to 
scar. Second from bottom, Stereoscopic photographs of same eye as in the section that is second from the top 1 minute after 
fluorescein injection. Note fluorescein leakage already apparent from classic CNV and increased intensity of stippled hyperfluores- 
cence corresponding to fibrovascular PED. The boundaries of the fibrovascular PED remain well demarcated. Bottom left, Angiogram 
taken 10 minutes after fluorescein injection shows persistence of fluorescein staining and leakage within a sensory retinal detachment 
overlying lesion. It is difficult to determine precise demarcation of fluorescence outlining elevated RPE from these photographs alone. 
Although fairly well-demarcated border can be seen in the section that is second from the bottom, intensity of fluorescence at boundary 
of elevated RPE is quite irregular in these late-phase photographs, with some areas fading relative to fluorescence of remaining areas 
of elevated RPE (bottom left). Bottom right, Composite drawing using multiple stereoscopic photographs from angiogram shows* 
interpretation of boundaries of lesion. At each clock hour, boundary of lesion is clearly demarcated; lesion includes classic CNV, which 
occupies foveal center, and met all angiographic eligibility criteria listed in Table 1. 
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Fig 4.—Classic and occult choroidal neovascularization (CNV) and elevated blocked fluorescence (EBF) with well- 
demarcated borders. Top left, Recurrent subfoveal CNV. Note small area of hemorrhage temporal to recurrence. Top right, 
Early phase of fluorescein angiogram shows sharp demarcation of hyperfluorescence of classic CNV (small white arrows). 
Note sharp demarcation of EBF along inferior border of lesion (large white arrow). Center, Midphase stereoscopic 
photographs of angiogram to be viewed with two + 5.00-diopter lenses. Note fluorescein leakage from classic CNV (small 
black arrows) and sharply demarcated hyperfluorescence of elevated retinal pigment epithelium due to fibrovascular 
pigment epithelial detachment and indicative of occult CNV (curved arrows). Elevated blocked fluorescence (large white 
arrow) still obscures choroidal fluorescence and possibly inferior boundary of CNV. Bottom left, Late phase of angiogram 
demonstrates fluorescein leakage from both classic and occult neovascularization. Note hardly discernible EBF. Bottom 
right, Composite drawing using multiple stereoscopic photographs of angiogram shows interpretation of boundaries of 
lesion. Since each lesion component (classic CNV, occult CNV, blood, and EBF) has well-demarcated boundaries, 
boundaries of entire lesion are considered well demarcated. Furthermore, lesion meets size criteria for recurrent CNV 
cases because recurrent neovascular lesion, previous laser treatment scar, and area of additional treatment to be applied 
will not exceed 6 standard disc areas and, if recurrence is treated according to Macular Photocoagulation Study protocol 
(with treatment extending 100 um beyond boundaries of recurrence), some area of retina will remain untreated within 
1500 um of foveal center. 
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age, a clearly defined area of hyperfluores- 
cence may become apparent by 2 minutes 
after injection, with late-phase leakage into 
the overlying subretinal space 5 and 10 
minutes after injection. In these cases, the 
site of CNV observed within 2 minutes of 
dye injection appears to correspond to late- 
phase leakage. 

Other Angiographic Findings Associ- 
ated With CNV.—Three features were not- 
ed that could obscure the boundaries of 
CNV: (1) thick blood (blood contiguous with 
the CNV that is thick enough to obscure the 
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Fig 5.—Occult choroidal neovascularization (CNV) with poorly demar- 
cated boundaries accompanied by classic CNV. Top left, Subretinal 
fluid and hemorrhage in eye with drusen. Top right, Early phase of 
fluorescein angiogram shows both classic CNV (small arrow) and 
fibrovascular pigment epithelial detachment (large arrow). Blocked 
fluorescence due to thick blood obscures inferior boundary of occult 
CNV. Center, Midphase stereoscopic photographs of angiogram, to 
be viewed with two + 5.00-diopter lenses, demonstrate the inability of 
determining boundaries of occult CNV. Borders of elevated RPE slope 
gradually downward to surrounding flat RPE (arrow), so that sharp 
demarcation between elevated RPE and flat RPE cannot be deter- 
mined with certainty. Lesion does not meet angiographic criterion that 
borders of CNV (classic and occult) must be well demarcated. Bottom 
left, Late phase of angiogram shows other areas of leakage of 
undetermined source (arrows) with no discernible, discrete, well- 
demarcated area of hyperfluorescence detectable in earlier phase of 
angiogram (top right and center) that might be considered source of 
late leakage. 


normal choroidal fluorescence [Figs 5 and 
9}), (2) elevated areas of blocked fluores- 
cence due to hyperplastic pigment (Fig 10) 
or fibrous tissue (Fig 11), and (3) a serous 
detachment of the RPE in which the bright, 
reasonably uniform early hyperfluorescence 
of the serous detachment obscures hyper- 
fluorescence from CNV and interferes with 
the ability to judge how far CNV extends 
under the area of the serous detachment. 
The presence of any of these features can 
make it impossible to judge how far CNV 
extends. 


A feeder vessel was judged to be present 
when choroidal vessels apparent in the 
transit phase of the angiogram connected 
unequivocally to leaking classic CNV (Fig 
12). Although feeder vessels have been 
described as extending from a laser scar to 
recurrent CNV across the perimeter of the 
laser sear (Fig 12), feeder vessels also may 
be seen in untreated eyes (Fig 2). For 
example, peripheral untreated areas of 
CNV may be connected by feeder vessels to 
more central areas of CNV that are forming 
natural scars (Fig 2). 
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Fig 6.— Fading fluorescence of occult choroidal neovascularization (CNV) contiguous with classic CNV. Left, Early phase of 
angiogram shows classic CNV (closed arrows) with contiguous areas of slightly elevated hyperfluorescent retinal pigment 
epithelium (RPE; open arrows), presumably fibrovascular pigment epithelial detachment, and other less well-demarcated 
areas of hyperfluorescence nasal to fovea. Right, Later phase of angiogram shows fluorescein leakage from classic CNV 
(arrow). However, areas of elevated hyperfluorescent RPE on early phase of angiogram (left) begin to fade. Faded area is 
not considered lesion component to be treated because hyperfluorescence does not meet minimal leakage/staining 
standard for occult CNV (minimal standard shown in Fig 7). Lesion did not meet angiographic eligibility criteria listed in Table 
1; specifically, there is no definite leakage from CNV under foveal center. This eye would have been eligible for Macular 
Photocoagulation Study (MPS) trial of argon laser treatment of extrafoveal lesions because CNV is greater than or equal to 
200 pm from foveal avascular zone center." Before 1988, most MPS investigators would have treated area of classic CNV 
with late leakage (arrow). By current MPS interpretations, treatment of area of classic CNV still might be contemplated, but 
investigators would be concerned about untreated areas of presumed occult CNV that fade in late phase of angiogram. 
Most MPS investigators still would not consider treatment of areas of presumed occult CNV that fade in late phase of 
angiogram. 





Fig 7.—Minimal staining standard for occult choroidal neovascularization (CNV). Top, Early-phase stereoscopic photo- 
graphs of angiogram, to be viewed with two +5.00-diopter lenses, show fibrovascular pigment epithelial detachment of 
occult CNV with contiguous, flat, blocked fluorescence. Bottom, Late-phase stereoscopic photographs of angiogram show 
fluorescein staining of occult CNV. If late staining was less apparent than minimal amount of staining noted in bottom 
section, area of presumed occult CNV was not considered to be lesion component. 
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Fig 8.—Occult choroidal neovascularization (CNV) causing late leakage of undetermined source. Top left, Subretinal 
hemorrhage, fluid, and drusen. Top right, Early phase of angiogram. Bottom left, Midphase of angiogram shows pinpoint 
areas of speckled hyperfluorescence and larger areas of hyperfluorescence, with accumulation of fluorescein leakage in 
overlying sensory retinal space in later phase of angiogram (bottom right). Source of late leakage cannot be discerned from 
either midphase (bottom left) or early phase (top right) of angiogram. The lesion does not meet criteria that boundaries of 
entire lesion be well demarcated and classic CNV be present. 


Terms in the MPS 


Some terms that may be helpful in de- 
scribing the variety of angiographic appear- 
ances of CNV in AMD are included in an 
appended glossary. Two important terms 
from this glossary are lesion component 
and lesion. Lesion component describes an 
area of the retina that harbors CNV (classic 
or occult) or interferes with the ability to 
judge the boundary of CNV (eg, thick 
blood, elevated blocked fluorescence due to 
pigment or scar tissue, or serous detach- 
ments of the RPE). For example, the only 
lesion component in Fig 1 is classic CNV, 
while the eye in Fig 10 includes several 
lesion components: classic CNV, blood, and 
elevated blocked fluorescence (presumably 
due to pigment or scar tissue) along part of 
the border of visible classic CNV. 

Lesion refers to the entire complex of 
neovascular components (classic and/or oc- 
cult) and features that block the view of the 
boundaries of neovascular components in a 
particular eye. For example, the bound- 
aries of the lesion in Fig 1 are defined 
completely by the boundaries of the classic 
CNV. In contrast, the boundaries of the 
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lesion in Fig 10 are defined, reading clock- 
wise, by classic CNV from the 7 to the 8 
o'clock position, elevated blocked fluores- 
cence from pigment or scar tissue peripher- 
al to the classic CNV from the 8 to the 5 
o'clock position, and blocked fluorescence 
due to thick blood from the 5 to the 7 o'clock 
position. 


Judging Eligibility From Photographs in 
MPS Clinical Trials 
of Laser Treatment of 
Subfoveal Neovascular Lesions 


The MPS guidelines for interpreting fluo- 
rescein angiograms in eyes with CNV sec- 
ondary to AMD were used to determine 
whether the angiographic features of a par- 
ticular eye met the eligibility criteria for 
enrollment in the MPS trials of laser treat- 
ment of subfoveal neovascular lesions. If 
the MPS protocol is followed, these guide- 
lines may be applied to judge suitability of 
an eye for laser treatment. 

A lesion was judged eligible for one of the 
MPS trials of laser treatment of subfoveal 
CNV whenever it met all of the angio- 
graphic criteria listed in Table 1 as well as 
the other eligibility criteria reported else- 
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where. ™” All eyes had to have at least some 
classie CNV (Figs 1 through 4 and 9 
through 12). Eyes that had occult CNV 
without evidence of classic CNV (Fig 8) 
were ineligible, even when the boundaries 
of the entire lesion were well demarcated 
(Fig 13). 

The original intent of the trials of subfo- 
veal lesions was to evaluate treatment of 
subfoveal CNV (CNV under the fovea). 
Therefore, eligible lesions had to have CNV 
(classic or occult) under the center of the 
foveal avascular zone (FAZ), eg, Figs 1 
through 4. A lesion in which a component 
other than CNV occupied the foveal center, 
such as thick blood or elevated blocked 
fluorescence, usually was not eligible, even 
when this other component was contiguous 
with CNV. One exception to this rule was 
in eyes in which blood or elevated blocked 
fluorescence was in the FAZ center and 
surrounded completely by CNV. It was 
assumed that CNV also was under the 
fovea and, thus, the eye was judged to 
satisfy the criterion “CNV under the fo- 
vea.” An additional exception to this rule 
for subfoveal recurrent lesions was made 
when the initial treatment scar (created 
before the subfoveal recurrence) had ex- 
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Fig 9.—Blood obscuring choroidal neovascularization (CNV) 
boundaries. Top left, Subfoveal CNV surrounded by thick, 
contiguous blood. Top right, Early phase of angiogram shows 
CNV borders obscured by blood blocking fluorescence. Bottom 
right, Late phase of angiogram shows hyperfluorescence of 
CNV. Blood still blocks hyperfluorescence on late phase of 
angiogram. Blocked fluorescence from this blood makes it 
impossible to determine whether, and to what extent, CNV 
extends under area of blocked fluorescence. Therefore, 
boundaries of entire lesion are determined by peripheral 
boundaries of CNV and by blocked fluorescence due to blood. 
(Lesion met all angiographic eligibility criteria listed in Table 1.) 





Figure 10. 
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Fig 10.—Elevated blocked fluorescence 
(EBF) and blood obscuring boundaries of 
choroidal neovascularization (CNV). Top left, 
Subfoveal CNV with contiguous blood inferior 
to CNV and hyperplastic pigment (arrow) 
along superior border. Top right, Composite 
drawing shows interpretation of angiogram. 
Boundaries of entire lesion are determined by 
peripheral boundaries of CNV, blocked fluo- 
rescence due to blood, and EBF. (Lesion met 
all angiographic eligibility criteria listed in Ta- 
ble 1.) Bottom, Stereoscopic photograph 
from early phase of angiogram, to be viewed 
with two + 5.00-diopter lenses, show hyper- 
fluorescence of CNV, blocked fluorescence 
due to blood along inferior edge, and EBF, 
presumably due to hyperplastic pigment, 
along superior edge (arrow). 
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panded”'*"* under the foveal center. In such 
cases, the clinical investigator provided the 
MPS Reading Center with documentation 
that the foveal center was avoided in prior 
treatment and that subsequent growth of 
the scar or depigmentation of the RPE 
surrounding the previous treatment scar 
had extended through the foveal cen- 
ter.’ These eyes were judged to satisfy 
the criterion “CNV under the fovea” as long 
as the posterior edge of the recurrent CNV 
or a feeder vessel to recurrent CNV was 
within 150 um of the FAZ center. 

The boundary of the lesion had to be well 
demarcated. Specifically, the peripheral 
boundary or interface separating retina oc- 
cupied by a lesion component from retina 
unoccupied by lesion components had to be 
clearly demarcated (Figs 1 through 4 and 9 
through 12). 

In eyes with no previous photocoagula- 
tion, the entire lesion could be no larger 
than 3.5 standard disc areas (1 disc area, 
1.77 mm’) as in Figs 1, 2, and 9 through 11. 
To determine whether a lesion met this size 
criterion, a transparent template (Fig 14) 
was placed on a frame of the angiogram in 
which the boundaries of the lesion were 
clearly demarcated. This size was chosen so 
that protocol treatment (coverage of the 
lesion plus a margin of 100 pm) would 
preserve some portion of paracentral retina 
for visual function. Applying this size crite- 
rion, the maximal amount of centrally 
treated retina would result when the subfo- 
veal lesion was round, 3.5 disc areas in size, 
and centered on the fovea. Treatment, 
when applied according to MPS protocol, 


Fig 11.—Elevated blocked fluorescence (EBF) due to scarring and/or 
pigment within fibrous tissue obscuring boundaries of choroidal neo- 
vascularization (CNV). Top, Subfoveal CNV with fibrous tissue along 
borders of CNV (arrow). Bottom, Stereoscopic photographs from early 
phase of angiogram, to be viewed with two +5.00-diopter lenses, 
show EBF obscuring boundary of CNV and corresponding to fibrous 
tissue noted on color photograph. (Lesion met all angiographic eligibil- 
ity criteria listed in Table 1.) 





would then cover an area equivalent to 4.0 
disc areas (7.1 mm’) centered on the fovea, 
while the closest untreated retina would be 
1500 um from the FAZ center. Figures 15 
and 16 are examples of choroidal neovascu- 
lar lesions too large to qualify for the trial of 
subfoveal neovascular lesions. In eyes with 
recurrent subfoveal lesions, the previous 
treatment scar, the neovascular lesion (in- 
cluding all of the lesion components), and 
the newly treated area could be no greater 
than 6 disc areas (10.6 mm’). Furthermore, 
eligible eyes had some area of uninvolved 
retina within 1500 um of the geometric 
center of the FAZ that would remain un- 
treated if treatment of the neovascular le- 
sion were applied according to protocol 
(Figs 4 and 17). 

Because the goal of the MPS was to 
evaluate laser treatment of CNV, it was 
required that the total area of the lesion 
occupied by CNV (classic only or both clas- 
sic and occult) be greater than the area 
occupied by all lesion components that 
might obscure the boundaries of the CNV 
(ie, thick blood, elevated blocked fluores- 
cence, and/or serous detachment of the 
RPE). The scar from previous laser treat- 
ment was not included as a lesion compo- 
nent in this evaluation. The lesion in Fig 3 
consists of three components: classic CNV, 
occult CNV, and elevated blocked fluores- 
cence. The lesion meets the ratio criterion 
because the area occupied by CNV (classic 
and occult) is greater than the area occu- 
pied by blocked fluorescence; ie, the ratio of 
CNV to other lesion components is greater 
than 1.0. 
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Fig 12.—Recurrent choroidal neovascularization (CNV) that 
eee underwent treatment. Top left, Early phase of angiogram 
shows recurrent lesion with classic CNV and feeder vessel 













t 


La: 4 
Treanor (arrow). Larger choroidal vessels are seen within central por- 
oo tion of scar from previous laser treatment. Top right, Late phase 
~ (@@@iassic env of angiogram shows fluorescein leakage of classic CNV. (Le- 


sion met all angiographic eligibility criteria listed in Table 1.) 
Center left, Angiogram taken 6 months before treatment con- 
firms location of foveal center (arrow). Center right, Photograph 
taken 12 to 48 hours after treatment. Note uniform whitening of 
retina except yellow area caused by xanthophyll. Bottom left, 
Composite drawing using the top left and center right sections 
shows extent of recurrent lesion with classic CNV and feeder 
vessel. Drawing also shows scar from previous laser treatment 
(light brown), extent of laser treatment (orange), small circle 
outlining foveal avascular zone, and central dot representing 
foveal center. Treatment extends at least 100 um beyond CNV 
and at least 300 um into scar of previous treatment. 


Feeder 
Vessel 





In some eyes without previous laser 
treatment, disciform scarring was recog- 
nized on color photographs without corre- 
sponding blocked fluorescence throughout 
most of the angiogram (Fig 18). The pres- 
ence of CNV with scar tissue (defined as 
evidence of CNV on the fluorescein angio- 
gram accompanied by fibrous tissue consti- 
tuting more than 25% of the entire lesion on 
color fundus photographs) was recorded by 
MPS Reading Center investigators for sub- 
group analysis of treatment benefit.’ Al- 
though the CNV/scar lesion in Fig 18 met 
all angiographic eligibility criteria, most 
lesions with disciform scarring did not meet 
all angiographic eligibility criteria. Usually, 
the scarring was associated with elevated 
blocked fluorescence (Fig 19) that was larg- 
er than any CNV component. Sometimes 
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the boundaries of the elevated blocked fluo- 
rescence from the scar were poorly demar- 
cated or the lesions with scarring were too 
large. Thus, most eyes with subfoveal le- 
sions with a large proportion of scarring 
were not eligible for the MPS clinical trials 
and are not considered appropriate candi- 
dates for laser treatment. 


Treatment Protocol 


The treatment protocol that was applied 
to lesions that met the eligibility criteria 
outlined in Table 1 is detailed below and 
summarized in Table 2. 

Preparation.—Retrobulbar anesthesia 
was required whenever the treating oph- 
thalmologist judged that movement of the 
globe might compromise ability to attain 
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the end point of a uniform white laser scar. 
A fluorescein angiogram taken within 
96 hours was projected on a slide viewer 
screen so that the treating ophthalmologist 
could readily identify landmarks and the 
boundaries of the lesion to be treated while 
operating the laser. 

Area of Retina to Receive Laser Treat- 
ment.—All lesion components were to be 
covered with laser treatment. In addition, 
treatment was to extend 100 um beyond 
the peripheral boundaries of all lesion com- 
ponents except blood (Figs 2 and 12). Treat- 
ment was required to cover, but not neces- 
sarily extend 100 wpm beyond, areas of 
blocked fluorescence due to thick blood. 

Treatment of recurrent neovascular le- 
sions was to extend 100 um beyond the 
perimeter of the lesion except at the inter- 
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Fig 13. —Lesion with occult choroidal neovascularization (CNV) with well-demarcated boundaries, but no classic CNV. Left, 
Early phase of angiogram shows hyperfluorescence from occult CNV with no evidence of classic CNV. Note retinal pigment 
epithelial fold” (arrow). Lesion is not eligible for study because no part of lesion has classic CNV, although boundaries of 
entire lesion are well demarcated. Right, Late phase of angiogram confirms leakage of occult CNV and no angiographic 
evidence of classic CNV. 
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Fig 14.—Disc area template (actual size). Template of clear acetate is 
placed on 35-mm frame of angiogram (made using a 30° fundus 
camera) to determine area of lesion. The 2 disc-area (DA) circle 
measures 3.5 mm’; 3.5-DA circle, 6.2 mm’; 4-DA circle, 7.1 mm*; and 
6-DA circle, 10.6 mm’. For eyes not previously treated, area of entire 
lesion had to be less than or equal to 3.5 DA to meet size criterion. For 
eyes with previous photocoagulation, the following conditions had to 
apply: (1) previous treatment scar, neovascular lesion, and area of 
additional treatment to be applied had to be less than or equal to 6 DA 
and (2) some area of uninvolved retina within 1500 pm of foveal center 
(radius of 4-DA circle) before recurrence had to remain untreated after 
laser treatment to recurrent lesion. Subgroup analysis demonstrated 
that lesions less than or equal to 2 DA had significantly greater 
treatment benefit than lesions greater than 2 DA. "° 











Fig 15.—Choroidal neovascularization (CNV) greater than 3.5 disc 
areas (DA). Early phase of angiogram shows classic CNV (measuring 
about 9 DA) to be ineligible for study because it exceeds maximum 
allowable size (3.5 DA). 


face between previous photocoagulation 
treatment and recurrent CNV (Fig 12). At 
the previous treatment scar/neovascular le- 
sion interface, treatment was to extend 
300 ym into the previous treatment scar 
(Figs 12 and 20). Feeder vessels, when 
present in recurrent lesions, also were 
treated. Feeder vessels received treatment 
extending 100 um beyond the lateral bor- 
ders of the vessel and 300 pm radially 
beyond the base (origin) of the vessel (Fig 
20). The MPS investigators were reluctant 
to consider treatment of a feeder vessel 
alone because they could not be certain that 
other connections of the lesion to the cho- 
roid did not exist, even if not identified on 
angiography. 

Laser Parameters and Technique. — The 
protocol for treatment to the lesion bound- 
ary specified a 200- to 500-jzm spot with 0.2- 
to 0.5-second duration. Photocoagulation 
was applied first to a border 100 um beyond 
the boundary of all lesion components ex- 
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cept thick blood. Photocoagulation was ap- 
plied to the border of the blood rather than 
100 um beyond it. Then, the area within the 
boundaries of the lesion was treated with 
burns of the same spot size but of 0.5- to 
1.0-second duration. 

Intensity of Laser Lesion. —The desired 
end point for the intensity of the laser lesion 
was the creation of a uniformly white le- 
sion. The treating ophthalmologist was al- 
lowed to achieve this end point by either 
applying initially white laser burns that met 
or exceeded the intensity illustrated by a 
standard photograph” or applying lighter 
gray-white laser spots that repeatedly 
overlapped until the entire laser lesion was 
a uniform white treatment burn at least as 
white as the treatment intensity standard.” 


COMMENT 
Results from the MPS clinical trials 
of laser treatment of subfoveal CNV, 
published in two separate reports,'” 


support a recommendation for laser 
treatment, in accordance with the 
MPS protocol, of subfoveal neovascu- 
lar lesions that meet the eligibility 
criteria described in this report. The 
goal of treatment in the MPS trials of 
eyes with subfoveal CNV was to close 
the leaking vessels and treat all lesion 
components. Confluent laser treat- 
ment to the entire neovascular lesion 
was employed to obliterate the dis- 
eased area and leave uninvolved retina 
intact. To accomplish this, eligible le- 
sions had to have well-demarcated pe- 
ripheral boundaries that separated ret- 
ina clearly involved with the lesion 
from retina clearly uninvolved with 
CNV. Therefore, eyes in which the 
entire peripheral boundary of the le- 
sion is not clearly demarcated (Figs 5 
and 8) may not have the same treat- 
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Fig 16.—Early phase of fluorescein angiogram of subfoveal choroidal 
neovascularization (CNV) demonstrates how entire lesion is included 
in size determination. Lesion components include classic CNV and 
blocked fluorescence due to thick blood. Classic CNV occupies less 
than 3.5 disc areas (DA); blocked fluorescence due to blood also 
occupies less than 3.5 DA. However, entire lesion of classic CNV and 
blocked fluorescence due to blood occupies more than 3.5 DA, so this 
lesion is ineligible for Macular Photocoagulation Study subfoveal trials 
because it is too large. (Note that pseudopod of blood, anterior to 
arrow, was judged unlikely to be obscuring CNV and was not included 
as a lesion component affecting size determination; all other blood 
may be obscuring CNV and is included in size determination. If entire 
lesion had met size criterion and been randomized to the treatment 
group, only blood anterior to arrow would be excluded from treatment. 
All other blood would be included in treatment.) 


Fig 17.—Midphase of angiogram shows scar from previous laser 
photocoagulation (open arrow) and recurrent choroidal neovasculari- 
zation (CNV) circumscribing scar. Closed arrow indicates foveal avas- 
cular zone (FAZ) center determined using stereoscopic photographs 
from early phase of angiogram and black-and-white stereoscopic 
photographs taken before fluorescein injection. Although recurrent 
neovascular lesion, previous laser treatment scar, and area of addi- 
tional treatment is less than 6 disc areas (dotted-line circle), recurrent 
CNV is not eligible for study because treatment of recurrent CNV 
would involve treatment of entire zone of retina within 1500 um of FAZ 
center (solid-line circle). 


ment benefit as the eyes with well- 
demarcated boundaries described 
herein, and laser treatment cannot be 
recommended for such eyes.'” 

To identify the boundaries of CNV 
in AMD, both classic and occult forms 
of CNV must be recognized. Stereo- 
scopic angiography facilitates identify- 
ing occult CNV in which irregular ele- 
vation of the RPE may be present. 
The photographs taken within the first 
2 minutes after fluorescein injection 
are used to demonstrate well-demar- 
cated sources of fluorescein leakage. 
Recognizing occult CNV in subfoveal 
lesions is paramount because the pres- 
ence of occult CNV with poorly demar- 
cated boundaries led to the exclusion of 
many eyes from these trials. In fact, 
355 (22%) of 1580 angiograms sent to 
the MPS Reading Center from 1988 
through 1990 by MPS investigators for 
assessment of eligibility of patient can- 
didates before enrollment were 
deemed ineligible because the bound- 
aries of the lesion were not well de- 
marcated. Typically, this poorly de- 
marcated border of the lesion was 
attributed to poorly demarcated 
boundaries of occult CNV (fibrovascu- 
lar PEDs, late leakage of undeter- 
mined source, or both). Furthermore, 
101 (27%) of the 373 eyes enrolled in 
the trial for previously untreated sub- 
foveal CNV were judged ineligible us- 


ing the revised eligibility criteria 
adopted in 1989. Again, a major reason 
for classifying eyes enrolled earlier as 
ineligible was that the boundaries of 
the lesion were poorly demarcated. 
The importance of recognizing pres- 
ence or absence of poorly demarcated 
boundaries is highlighted by the fact 
that eyes that satisfied the eligibility 
criteria in effect at the end of patient 
enrollment had an earlier and more 
pronounced benefit from laser treat- 
ment than eyes that did not satisfy 
those criteria.’ 

The requirement that some portion 
of the neovascular lesion be classic 
CNV stemmed from an initial reluc- 
tance on the part of the investigators 
to accept the angiographic characteris- 
tics of occult CNV as evidence of defi- 
nite CNV. Retrospective studies have 
shown that the natural course of eyes 
with occult CNV" probably is not as 
dismal as the natural course of eyes 
with classic subfoveal CNV.” Evi- 
dence indicating that angiographic fea- 
tures of occult CNV do indeed corre- 
spond to identification of CNV on 
histopathologic examination is pro- 
vided by two clinicopathologic case re- 
ports.” In one case, angiography per- 
formed 1 month before death showed a 
fibrovascular PED.” Postmortem ex- 
amination of this subject showed fibro- 
vascular proliferation from CNV.” A 
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more recent case” had similar findings. 
In this second case, angiography per- 
formed 4 weeks before death showed 
signs of fibrovascular PED and late 
leakage of an undetermined source.” 
Results of postmortem examination 
confirmed the presence of fibrovascu- 
lar proliferation from CNV corre- 
sponding to the area of occult CNV 
identified on angiography.” Other ob- 
servations also indicate that forms of 
occult CNV contain choroidal new ves- 
sels. Many eyes containing occult CNV 
have concurrent classic CNV," and 
many are accompanied by and pro- 
gress to disciform scarring. "””’ 

For a variety of reasons, few eyes in 
the MPS trials of laser treatment of 
subfoveal lesions were likely to include 
serous detachments of the RPE. In 
many lesions with serous detachments 
of the RPE, associated CNV may have 
poorly demarcated boundaries.’ Alter- 
natively, the detachment may be larg- 
er than the CNV, or the detachment, 
not CNV, may underlie the fovea. 

It should be noted that fibrovascular 
PED and late leakage of undetermined 
source described in this report are 
probably analogous to previous de- 
scriptions of “poorly defined” 
CNV," >52 “solid or irregularly fill- 
ing detachments of the RPE,” “vascu- 
larized pigment epithelial detach- 
ments,” or “RPE folds” (Fig 13). 
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Fig 18.—Top left, Subfoveal choroidal neovascularization 
(CNV) accompanied by fibrous tissue. Top right, Midphase of 
angiogram shows CNV in foveal center, with well-demarcated 
hyperfluorescence of CNV and/or fibrous tissue. Note areas of 
blocked fluorescence corresponding to blood (arrows). Bottom 
right, Midphase of angiogram shows leakage from area of well- 
demarcated hyperfluorescence seen in early frame (top right). 
This angiogram represents rare case of significant disciform 
scarring recognized on color photography without correspond- 
ing blocked fluorescence on angiography. Lesion met all angio- 
graphic eligibility criteria listed in Table 1. Most disciform scars 
do not meet criteria for Macular Photocoagulation Study (MPS) 
trials because they are associated with elevated blocked fluo- 
rescence that is larger than any CNV component, have poorly 
demarcated boundaries, or are too large. Most disciform scars 
should not be considered as lesions to which MPS results 


apply. 





Fig 19.—Top left, Choroidal neovascularization with scar 
(CNV/scar) is a choroidal neovascular lesion in which fibrous 
tissue constitutes more than 25% of the entire lesion on color 
fundus photography. Top right, Midphase of angiogram shows 
relative blocked fluorescence (elevated on stereoscopic angi- 
ography) corresponding to fibrous tissue noted on color photo- 
graph. This CNV/scar is not eligible for Macular Photocoagula- 
tion Study trials of subfoveal lesions because elevated blocked 
fluorescence (EBF) is larger (in area) than any CNV component 
in this eye. Bottom right, Late phase of angiogram shows 
leakage from CNV centrally surrounded by EBF due to fibrous 
scar tissue. 





Arch Ophthalmol—Vol 109, September 1991 Treatment of Neovascularization—MPS Group 1255 


Recurrent 
CNV 





Fig 20.—Treatment according to MPS protocol of choroidal neovascular lesions. Treatment 
must cover entire lesion and extend 300 um beyond recurrent lesion into scar of previous 
treatment, 100 um beyond lateral borders of feeder vessel, 300 pum radially beyond base 
(origin) of feeder vessel, and 100 um beyond boundary of recurrence where recurrent lesion 


interfaces with normal retinal pigment epithelium. 


Table 1.—Angiographic Eligibility 
Criteria * 


Lesion must include some classic CNV 

Eyes that did not undergo previous photoco- 
agulation must have CNV underlying fovea; 
eyes that did undergo previous photoco- 
agulation must have recurrent CNV under- 
lying fovea or extension of original treat- 
ment to extrafoveal or juxtafoveal CNV 
must underlie fovea, with recurrent CNV 
<150 um from foveal center 

Entire subfoveal CNV lesion must have well- 
demarcated boundaries 

Eyes that did not undergo previous photoco- 
agulation must have lesions =<3.5 stan- 
dard disc areas; eyes that did undergo 
previous photocoagulation must have le- 
sion <6 standard disc areas (considering 
previous treatment scar, recurrent neovas- 
cular lesion, and area of additional treat- 
ment) and some area of uninvolved retina 
within 1500 um of foveal center must re- 
main untreated if treatment of neovascular 
lesion were applied according to protocol 

Ratio of CNV to other lesion components, 
=1.0 


* CNV indicates choroidal neovascularization. 





Although the final treatment scar 
was not to exceed 4 standard disc 
areas for previously untreated eyes or 
6 standard disc areas for recurrent 
lesions, additional treatment extend- 
ing 100 um beyond the peripheral 
boundaries of all lesion components 
(except for blood) was specified by the 
treatment protocol to ensure that all 
CNV was treated. This “safety zone” 
was limited to 100 pm beyond these 
boundaries to avoid unnecessary de- 
struction of the retina. 


Table 2.—Treatment Protocol 


Fluorescein angiogram taken within 96 h of 
treatment 

Retrobulbar anesthesia optional, but recom- 
mended 

Photocoagulation of all lesion components 
extending 100 um beyond all lesion com- 
ponents except blood 

For recurrent lesions only, additional photo- 
coagulation 300 um into scar of previous 
photocoagulation at interface with recur- 
rent choroidal neovascularization 

For recurrent lesions with feeder vessels 
only, additional photocoagulation 100 um 
beyond sides and 300 um radially beyond 
base of feeder vessel 

200- to 500-um spot size with 0.2- to 0.5- 
second duration applied to boundaries and 
200- to 500-um spot size with 0.5- to 1.0- 
second duration applied within boundaries 

End point is uniformly white lesion, at least as 
white as minimal treatment intensity stan- 
dard”? 





The results of the MPS have demon- 
strated that laser treatment, even to 
the fovea, is better than no treatment 
for lesions that meet the eligibility 
criteria adopted by the MPS. Howev- 
er, these criteria limit application of 
results from these randomized clinical 
trials to a select group of eyes with 
subfoveal CNV. Although these re- 
sults will assist ophthalmologists in 
managing many lesions for which no 
treatment could be previously recom- 
mended, many patients with CNV sec- 
ondary to AMD will have evidence of 
occult neovascularization without clas- 
sic CNV, lesions with poorly demar- 
cated boundaries, lesions with leakage 


1256 Arch Ophthalmol—Vol 109, September 1991 


from an undetermined source evident 
on the late phase of the angiogram, 
lesions that are predominantly disci- 
form scars that block fluorescence, or 
lesions that are larger than those stud- 
ied by the MPS investigators. These 
patients would not qualify for laser 
treatment according to MPS protocol. 
Findings from trials of laser treatment 
of subfoveal neovascular lesions’? sug- 
gest that eyes judged ineligible be- 
cause of poorly demarcated areas of 
CNV or eyes with subfoveal lesions 
larger than 3.5 disc areas at study 
entry or on reevaluation using the 
criteria in effect when enrollment was 
completed may not benefit from laser 
treatment.'” Thus, ophthalmologists 
should consider recommending laser 
treatment for eyes that meet the crite- 
ria that were used in these studies and 
only when both the patient and the 
ophthalmologist are prepared for a de- 
crease in visual acuity immediately af- 
ter treatment. ™* 


The MPS Group acknowledges the contribu- 
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neovascularization can be discerned in the 
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Glossary of Terms 


early phase of the angiogram. 


CNV, occult—See fibrovascular PED and 
late leakage of undetermined source. 


CNV/scar— Evidence of leakage on fluores- 
cein angiography from choroidal neovascu- 
larization and of fibrous tissue on color fun- 
dus photographs. A lesion at least 25% of 
which has evidence of fibrous tissue on color 
photographs is considered a CNV/scar. 


disc area—The area of a circle witha diame- 
ter of 1.5 mm (1500 um), equal to 1.77 mm’. 


disc area template—The Macular Photoco- 
agulation Study Reading Center dise area 
template consists of four individual circles 
comparable to 2.0 disc areas (3.5 mm’), 3.5 
disc areas (6.2 mm’), 4 disc areas (7.1 mm’), 
and 6 disc areas (10.6 mm’) as measured on 
fundus photography. The average dise diam- 
eter of 4.5 mm on the photographs was used 
to calculate the diameters of the various disc- 
area circles. 


disciform scar (natural scar)—Dull, white 
fibrous tissue occurring either between the 
photoreceptors and retinal pigment epitheli- 
um or below the retinal pigment epithelium 
that may accompany choroidal neovasculari- 
zation or replace it over time. Scars may 
demonstrate blocked fluorescence and/or 
staining on angiography. If accompanied by 
CNV, scars also may demonstrate leakage on 
angiography. 

FAZ center (foveal center)—The geometric 
center of the foveal avascular zone. 


feeder vessel—A choroidal vessel noted on 
the transit phase of the angiogram that con- 
nects unequivocally to leaking choroidal cap- 
illaries. Feeder vessels usually are observed 
extending from a laser scar to recurrent cho- 
roidal neovascularization along the perime- 
ter of the laser scar; however, peripheral 
untreated areas of choroidal neovasculariza- 
tion may be connected by feeder vessels to 
more central areas of choroidal neovasculari- 
zation that are forming natural scars. 

fibrovascular PED—A type of occult choroi- 
dal neovascularization in which areas of ir- 
regular elevation of the retinal pigment epi- 
thelium are detectable on stereoscopic 
angiography and consist of an area of stippled 
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hyperfluorescence noted within 1 to 2 min- 
utes after fluorescein injection. Persistence 
of fluorescein staining or leakage within this 
area occurs within 10 minutes after fluores- 
cein injection. These areas are not as discrete 
or bright as areas of classic choroidal neovas- 
cularization or serous detachments of the ret- 
inal pigment epithelium in the early phase of 
the angiogram. 


laser scar—The area of photocoagulation 
and its accompanying depigmented retinal 
pigment epithelium circumferentially sur- 
rounding this area over time. 


late leakage of undetermined source—A 
type of occult choroidal neovascularization in 
which areas of leakage at the level of the 
retinal pigment epithelium in the late phase 
of the angiogram without well-demarcated 
areas of hyperfluorescence discernible in the 
early phase of the angiogram that account for 
the leakage. 


lesion—The entire complex of components 
(eg, choroidal neovascularization, elevated 
blocked fluorescence, and thick blood) con- 
sidered to consititute the neovascular lesion. 


lesion component— Area of the retina ex- 
hibiting angiographic characteristics such 
that it is considered part of the choroidal 
neovascular lesion. Lesion components may 
include: choroidal neovascularization (classic 
or occult), thick blood, elevated blocked fluo- 
rescence (due to a pigment or scar that ob- 
scures the neovascular borders), and serous 
detachments of the retinal pigment 
epithelium. 

serous detachment of the RPE—A uniform 
and often circular elevation of the retinal 
pigment epithelium that demonstrates uni- 
form pooling of fluorescein dye, with a 
smooth contour surface of the pigment epi- 
thelium, well-defined borders on the early 
phase of the angiogram, and persistent 
bright hyperfluorescence on the late phase of 
the angiogram. 

subfoveal CNV— Angiographic evidence 
(fluorescein leakage) of choroidal neovascu- 
larization under the geometric center of the 
foveal avascular zone. 
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Perifoveal Laser Treatment for Subfoveal Choroidal New 
Vessels in Age-Related Macular Degeneration 


Results of a Randomized Clinical Trial 


Gabriel Coscas, MD; Gisèle Soubrane, MD; Christiane Ramahefasolo, MD; Christine Fardeau, MD 


è In a controlled clinical trial, 160 eyes 
underwent “perifoveal” laser photocoag- 
ulation. All patients had age-related mac- 
ular degeneration and subfoveal neovas- 
cularization (0.5 to 2.5 disc diameters), 
without detectable fibrous tissue, and 
visual acuity from 20/100 to 20/1000. At 
least 1 year of follow-up has been com- 
pleted in 127 eyes. Visual acuity was 
maintained or improved in 12 (20.3%) of 
59 untreated eyes vs 28 (41.1%) of 68 
treated eyes (P=.04). Reading visual 
acuity (J4) with the use of low-vision aids 
was retained in 28 untreated eyes (47.4%) 
vs 50 treated eyes (73.5%) (P<.01). Auto- 
mated static perimetry showed an in- 
creased scotomatous area and/or depth 
with eccentric fixation in all but four 
patients. A flat atrophic scar was 
achieved in 53 of 68 treated eyes. Statis- 
tical analysis indicated that perifoveal 
photocoagulation has been effective in 
the short-term preservation of visual 
acuity. 

(Arch Ophthalmol. 1991;109:1258-1265) 


A gerelated macular degeneration 

(AMD) is a major cause of blind- 
ness in the Western world. While only 
12% of patients with AMD have the 
exudative form of the disease, they 
constitute 88% of those who become 
legally blind.’ Results of randomized 
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clinical trials™ have shown that argon 
laser photocoagulation of extrafoveal 
(>200 um from the center) choroidal 


See also pp 1217, 1220, 
1232, and 1242. 


new vessels (CNVs) reduces the risk of 
severe visual loss. The Krypton Photo- 
coagulation Study Group’ demon- 
strated the effectiveness of krypton 
laser photocoagulation in patients with 
juxtafoveal CNVs (1 to 199 um from 
the center of the foveal avascular 
zone); however, neither that study nor 
the initial Macular Photocoagulation 
Study’ has enrolled patients with sub- 
foveal CNVs, that is, membranes di- 
rectly under the anatomic central 
fovea. 

Findings from other studies’ have 
demonstrated poor visual prognosis for 
eyes with subfoveal CNVs, even if the 
initial visual acuity was relatively 
good. Such patients were previously 
not considered to be candidates for 
laser treatment. The Foveal Photoco- 
agulation Study“ is currently investi- 
gating the value of treating the entire 
area of subfoveal CNVs with laser 
photocoagulation in patients with 
AMD. 

We previously published the results 
of a prospective pilot study’ in which 
we treated the second eye of patients 
with a perifoveal photocoagulation 
technique to occlude large neovascular 
membranes. The laser burns were ap- 
plied to the membrane, sparing only 
the central foveal avascular zone; this 
technique produced a stable dry scar in 
44 (78.6%) of 56 treated eyes. Only 
11% of the untreated first-affected 
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eyes retained a corrected visual acuity 
of 20/200, compared with 50% of the 
fellow eyes treated with the perifoveal 
technique. Reading visual acuity with 
use of common low-vision aids was 
possible for only 3% of the untreated 
eyes, compared with 71% of the treat- 
ed eyes. 

Thereafter, a controlled randomized 
clinical trial was designed to assess the 
effectiveness of the perifoveal photoco- 
agulation technique in preserving use- 
ful central visual acuity in eyes with a 
large subfoveal neovascular mem- 
brane. It was hoped that this study 
would help determine the visual prog- 
nosis of such patients with and without 
perifoveal laser photocoagulation. 


SUBJECTS AND METHODS 
Patient Selection and Entry 


One hundred sixty patients with AMD 
were referred to the Eye University Clinic 
of Créteil, Paris XII, France, from Septem- 
ber 1986 to March 1989. All met the eligibil- 
ity criteria (Table 1), which included angio- 
graphic evidence of subfoveal neovascu- 
larization, either visible (well defined) (Fig 
1, left) or occult (ill defined) (Fig 1, right), 
with or without serous pigment epithelial 
detachment (PED). The subfoveal neovas- 
cularization had to extend more than 
200 um from the foveola but be less than 2.5 
disc diameters (DD) wide and have no fi- 
brous tissue. The best corrected visual acu- 
ity was measured with a chart of low visual 
acuity. 

A complete ophthalmic examination was 
performed, including contact lens fundus 
biomicroscopy, stereoscopic color photogra- 
phy of the macula of each eye, and stereo- 
scopic fluorescein macular angiography in 
which the transit phase of the macula of the 
study eye was obtained. Patients with cen- 
tral fixation at inclusion in the study under- 


Perifoveal Laser Treatment—Coscas et al 





Fig 1.—Fluorescein angiograms show eligibility evidence of visible subfoveal neovascularization that is well defined and 
lacy (left) and occult subfoveal neovascularization that is ill defined (right). 





Table 1.—Eligibility Criteria for the 
Perifoveal Laser Photocoagulation 
Study 








Age, =50 

Diagnosis of age-related macular 
degeneration, including drusen, pigment 
epithelial atrophy or migration in the 
fellow eye, and/or pigment epithelial 
detachment in the study and/or fellow 
eye 

Angiographic evidence of subfoveal 
neovascularization, visible or occult, with 
or without serous pigment epithelial 
detachment, extending >200 um from 
the foveola but <2.5 disc diameters 
wide, without detectable fibrous tissue 

Initial visual acuity from 20/ 100 to 
20/1000 

No prior photocoagulation in the study eye 

No other ocular disease that could 

independently affect visual acuity 



















went automated static perimetry (Hum- 
phrey analyzer, central program, 10°). 

Eligible patients were assigned to either 
treatment or observation with the use of a 
randomized schedule. Treatment was per- 
formed immediately after entry. 


Treatment Protocol and Follow-up 


Photocoagulation with a monochromatic 
krypton red or argon green laser or yellow 
or orange dye laser (Coherent Medical, Palo 
Alto, Calif, and Biophysics Medical, Alcon, 
France) was performed using a 200-um spot 
of 0.50- or 1-second duration at a sufficient 
intensity to produce uniformly heavy gray- 
white burns. 

The different laser wavelengths were se- 
lected according to the patient’s fundus 
status: krypton red was used if hemorrhage 
was present, while occult new vessels were 
treated with the green argon or yellow 
wavelength from the dye laser. 

Confluent overlapping burns were ap- 
plied to the peripheral neovascular arcade 
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Fig 2.—Treatment protocol consists of confluent overlapping burns applied to the peripheral 
border of the neovascular membrane. Similar burns delineate the foveal avascular zone. The 
surface between these two limits is filled with laser photocoagulation. 


of well-defined membranes or to the limits 
of uneven irregular exudative vascularized 
PED. The probable extent of occult neovas- 
cularization was considered to be either the 
limits of the dye leakage or where the most 
peripheral late fluorescent dots appeared." 
The central foveal avascular zone (400 um 
in diameter), which was determined on the 
early frame of the fluorescein angiogram, 
was avoided (Fig 2) to spare any cones that 
might still be functional. 

If the visible or occult neovascular mem- 
brane persisted after the initial treatment 
or if the neovascularization recurred on the 
periphery of the photocoagulation scar after 
previously documented closure, additional 
photocoagulation was performed according 


to the original guidelines. In the photocoa- 
gulated zone, closure of the neovascular 
membrane was defined as the resolution of 
the exudative response with a clinically flat 
retina and the absence of new vessel 
growth, as demonstrated by the lack of 
fluorescein leakage in the treated area. 
Residual serous detachment and central 
new vessels in the avascular zone were 
considered normal features since laser 
treatment was not applied in that area (Fig 
3). 

All patients underwent evaluation 
3 months after enrollment and at 3-month 
intervals thereafter. Clinical examinations 
were performed according to the original 
guidelines. In all patients, visual acuity was 
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Fig 3.—Results of treatment are seen (top left) in a red-free photograph (same eye in Fig 1, left) 3 months after 
photocoagulation. Note the uniform white scar and preservation of the central foveal zone. Top right, No dye leaks from the 
photocoagulated peripheral neovascular arcade. The untreated central area shows subtle leakage of dye from the 
photocoagulation scar (arrow). Bottom left, Red-free photograph of the same eye 1 year after treatment. Note the deeply 
atrophic scar. Bottom right, Fluorescein angiogram shows regression of the central leakage. 


measured with any low-vision aid available 
in our low-vision aid department by an 
optometrist masked to treatment status. 
The type and power of the aid were 
recorded. 

In addition, we attempted to determine 
posttreatment fixation in patients with ini- 
tial central fixation to evaluate if the fixa- 
tion was foveal or nonfoveal and to assess 
the patient’s ability to maintain fixation. 
The beam of the slit-lamp biomicroscope or 
the photocoagulator was used for that 
purpose. 


Statistical Methods 


A x’ analysis was performed on baseline 
characteristics, including both initial dis- 
tance and near visual acuity within the two 
groups. Age and follow-up were evaluated 
with use of Student's t test. 

The treatment effect change in visual 
acuity (loss of three lines) across various 
subgroups was evaluated by the method of 
Mantel and Haenzel™ at the end of each 
patients follow-up. Estimates of the cumu- 
lative proportion of eyes that experienced a 
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loss of three lines on the low-vision chart at 
various points after enrollment were ob- 
tained through the Kaplan-Meier test. Dif- 
ferences between treated and observed 
groups were evaluated with the log rank 
statistic.” 

A useful final reading visual acuity, eval- 
uated with low-vision aids, was defined as 
J4 or better. The possible effectiveness of 
perifoveal photocoagulation was also as- 
sessed by comparing the number of eyes 
with useful reading visual acuity by x 
analysis (P=.05). 


RESULTS 


One hundred sixty patients with 
AMD were enrolled in the study. Pa- 
tient data were analyzed in the group 
to which they were originally random- 
ized. Three eyes that were randomized 
to the observed group were subse- 
quently treated more than 1 year after 
inclusion. One hundred twenty-seven 
patients have been followed up at least 
1 year; 68 were treated and 59 were 
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observed (Table 2). At enrollment, a 
number of baseline variables were ex- 
amined for differences between the 
treatment and observed groups, in- 
cluding age, sex, eye involvement (Ta- 
ble 3), and length of follow-up. 

The distribution of initial distance 
visual acuity (Fig 4) was compared 
between both groups. A x” analysis 
showed no significant difference be- 
tween the two groups (P=.3). No eye 
had an initial reading visual acuity of 
J6 or better without use of a low-vision 
aid (Table 4). 

At the last follow-up visit, distance 
visual acuity was equal to or better 
than 20/400 for 39 eyes in the treated 
group and for 22 eyes in the observed 
group (P=.025) (Fig 5). 

At the end of the follow-up period, 
the distance visual acuity was un- 
changed or improved in 28 eyes 
(41.1%) in the treated group and in 12 
eyes (20.3%) in the observed group. 
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Table 2.—Number of Eyes Followed up for Specified Time 


No. (%) of Eyes 
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Table 3.—Baseline Characteristics of 
Study Groups 


No. (%) of Patients 
a 





















































(n = 84 eyes) (n = 76 eyes) Treated Observed 
Follow-up Time After e + ae —S E AEEA Group Group 
Randomization, mo Expected Observed Expected Observed Variable (n = 68) (n = 59) 
12 80 68 (85.0) 74 59 (79.3) Age, y* 
18 68 58 (85.3) 57 42 (73.2) 50-64 7 (10.3) 2 (3.4) 
24 50 46 (92.0) 41 39 (95.1) 65-75 25 (36.8) 19 (32.2) 
30 32 29 (90.6) 29 21 (72.4) >75 36 (52.9) 38 (64.4) 
36 15 15 (100) 12 12 (100) Sext 
42 5 4 (80.0) 7 6 (85.7) Female 42 (61.8) 42 (71.2) 
Mean 25.8 (11.03) 24.2 (11.03) Male 26 (38.2) 17 (28.8) 
hy decline in the number of expected eyes reflects the number of patients who dfed between follow-up eo 30 (44,1) 23 (39) 
Second 38 (55.9) 36 (61) 
*P= 1. 
tP = .26. 
+P = .55. 


No. of Eyes 


20/100 20/125 20/200 





20/400 
Visual Acuity 


E Treated 
E Observed 


No. of Eyes 


20/800 20/1000 


Fig 4. — Distribution of initial distance visual acuities in the treated and 


observed groups. 


The difference between groups was 
significant (P=.04). Visual acuity im- 
proved in nine (13%) of 68 treated eyes 
and in five (8.5%) of 59 observed eyes. 
A loss of three lines or more occurred 
in 37 treated eyes and 47 observed 
eyes (P=.015). A loss of six lines or 
more was noted in 19 treated eyes and 
29 observed eyes (P=.015). 

By applying the method of Mantel 
and Haenzel at the end of each pa- 
tient’s follow-up, we found that the 
treatment effect in visual acuity 
change (loss of three lines or more) 
across initial visual acuity subgroups 
was significant between the two 
groups (P=.01) (Table 5). 

For each group, the life table gives 
the cumulative proportion at each 
point with a decrease of three lines or 
more (Fig 6). The rates of decrease in 
visual acuity of three lines or more in 
the treated and observed groups were 
significantly different (X =2.5; 
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Gi Treated 
E Observed 


Visual Acuity 


Fig 5.—Distribution of final distance visual acuities in the treated and 


observed groups. 


No. (%) of Patients * 
C 
Treated Observed 

Group Group 
(n = 68) (n = 59) 
22 (37.3) 
29 (49.2) 

8 (13.5) 


Near Visual 
Acuity 


J6-J8 19 (27.9) 








J10-J14 39 (57.4) 
>J14 10 (14.7) 





P=.01). The relative risk of severe 
loss of visual acuity of three lines or 
more in eyes in the observed group in 
comparison with eyes in the treatment 
group was 1.93. 

Initial near visual acuity in all eyes 
was worse than J6 and not statistically 
different between the treated and ob- 
served eyes (P=.15) (Table 4). At the 
end of follow-up, 50 treated eyes vs 28 
observed eyes achieved reading visual 





No. of Patients 
C e-= 
Treated Observed 
Group 


Initial Visual 
Acuity Group 


20/100 Event 8 
Total 12 
20/125 Event 
Total 
20/200 Event 
Total 
20/400 Event 
Total 
20/800-20/ Event 
1000 Total 


* Event indicates a loss of three lines or more; and 
Total, the total number of patients in the group. 



































acuity of J4 or better with low-vision 
aids (magnification x5 to x15) 
(P<.01) (Table 6). In one treated eye, 
reading visual acuity worsened after 6 
months because of extensive hemor- 
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Fig 6.—Proportion of eyes with a decrease in visual acuity of three lines (left) and six lines (right) from baseline at each 
specified time. The broken line indicates the observed group; and the solid line, the treated group. 


Table 6.—Final Reading Visual Acuity 
With Low-Vision Aids in the Study 
Groups* 


No. (%) of Eyes 
ofa 
Visible Occult 
CNV CNV 


Treated eyes 
<J4 32 (76.2) 


J5 2 (4.8) 
=J6 8 (19.0) 


Observed eyes 
<J4 13 (43.3) 


Total 
No. (%) 
of Eyes 





18 (69.2) 50 (73.5) 


7 (26.9) 15 (22.0) 


15 (51.7) 28 (47.4) 


=J6 17 (56.7) 30 (50.8) 


*Results are given according to the type of chor- 
oidal new vessels (CNVs) present in each eye. 


13 (44.8) 


rhage from a recurrent occult neovas- 
cular membrane. Reading visual acuity 
with common low-vision aids was im- 
possible for 15 treated eyes; one eye 
had a severe hemorrhage, two eyes 
had a ripped retinal pigment epitheli- 
um, and 12 eyes had an enlarged 
atrophic scar toward the center of the 
fovea. 


Visual Fields 


Automated static perimetry was 
performed before and after treatment 
in 39 treated and 32 observed eyes. All 
but four patients in the observed group 
had an increase in size and/or depth of 
the scotoma with reduced sensitivity. 
In most treated patients, the scotoma 
increased immediately after treatment 
(Fig 7) and then remained stable. In 
some eyes, the scotoma was annular 
after laser treatment, with a relative 
sparing of the central area (Fig 8). 

Fixation was determined in 52 treat- 
ed eyes and in 41 observed eyes. At 
the last follow-up visit, only 17 treated 
eyes and 15 untreated eyes had central 
fixation that allowed good reading vi- 
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sual acuity. Three treated patients had 
stable central fixation and could read 
at a J4 level without low-vision aids. 
Most eyes of both groups had eccentric 
fixation that was stable and reproduc- 
ible for all but four treated eyes and 
four untreated eyes. Eccentric fixation 
was preferentially located on the tem- 
poral side for right eyes and on the 
nasal side for left eyes. 


Fluorescein Angiography 


Fluorescein angiography allowed ac- 
curate analysis of the initial vascular 
pattern. Most eyes presented with a 
typical network of early, lacy neovas- 
cularization with late leakage (42 treat- 
ed eyes and 30 observed eyes); some 
eyes (26 treated and 29 observed) had 
an occult membrane that was charac- 
terized by an area of gradual leakage 
or oozing of dye. Final visual results 
did not differ according to the type of 
new vessels that the patient had at 
inclusion in the study (Table 6). 

At the end of the follow-up period, 
the subretinal neovascular membrane 
was completely obliterated, and a pe- 
ripheral flat retina was observed in 53 
(78%) of 68 treated eyes. The remain- 
ing central feeder vessels showed no 
leakage in two eyes despite a central 
retinal detachment that was shallow 
and localized (Fig 3, bottom left and 
right). Thirty-nine eyes underwent 
multiple laser sessions for neovascular 
recurrences at the peripheral border of 
the scar without new visual symptoms 
(Fig 9) The macular serous retinal 
detachment, however, did not resolve 
completely in 15 eyes, usually due to a 
persistent, ill-defined neovascular 
membrane (Fig 10). 

In the observed group, the mem- 
brane enlarged and fibrous tissue pro- 
liferated (40 of 59 eyes). In two eyes, 
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the disciform scar extended to involve 
the entire posterior fundus. 


COMMENT 


Treatment for exudative degenera- 
tion of the macula has proven to be 
beneficial to the patient when the visu- 
al potential of the fovea has been re- 
tained and has not been destroyed by 
the disease process. The preservation 
of macular function for a substantial 
period is possible because the retina is 
not primarily involved in the disease 
process but is only secondarily affected 
by prolonged detachment and fibrous 
tissue growth. It is apparent, there- 
fore, that neovascular tissue beneath 
the macular region is associated with 
limited macular function, at least for a 
certain period. 

Eyes with new vessels that lie be- 
neath the fovea present a special prob- 
lem. In the results of a retrospective, 
nonrandomized study of natural histo- 
ry, Bressler and associates’ suggested 
that subfoveal membranes lead to poor 
visual outcome. None of their 13 pa- 
tients with CNVs greater than 
1.500 um have shown stabilized or 
improved visual acuity in a mean fol- 
low-up period of 22 months. Singerman 
and coworkers” observed spontaneous 
improvement in 31% of the first eyes 
to be affected after a follow-up period 
of 33 months. This percentage, howev- 
er, decreased to 19% after 50 months. 
Thus, visual acuity may improve spon- 
taneously if the retina flattens. 

Four studies reported results of la- 
ser photocoagulation of subfoveal neo- 
vascular membranes. Jalkh and co- 
workers” treated foveal choroidal 
neovascularization extending up to 
200 pm from the center of the avascu- 
lar zone. These data could not be cor- 
related since some cases of CNV were 
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Fig 7.—Top left, Pretreatment fluorescein angiogram shows visible subfoveal choroidal neovascularization. Top right, 
Diagram of automated visual field perimetry before treatment. Bottom left, Red-free photograph of the same eye 3 months 
after treatment. Bottom right, Diagram of automated visual field perimeter 3 months after treatment. Note the increase in 
size and depth of the centrally located scotoma. 


juxtafoveal and others were subfoveal. 
Melrose and colleagues" found that of 
22 eyes with 100% involvement of the 
foveal avascular zone that were entire- 
ly treated, six (27%) demonstrated im- 
proved visual acuity, seven (32%) 
showed no change, and nine (41%) 
deteriorated. The first involved eye in 
their series, however, was not a con- 
sistent control, as it already had end- 
stage AMD. 

Yassur and associates” also reported 
that 68% of treated eyes either im- 
proved (31%) or maintained (37%) 
their initial visual acuity. No distinc- 
tion was drawn, however, between 
CNVs extending into the foveal avas- 
cular zone and CNVs that occurred 
directly under the center. The data of 
Boldrey” also suggested a beneficial 
effect of photocoagulation, but for 
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small foveal membranes only. In seven 
(54%) of 13 eyes, visual acuity re- 
mained unchanged during a 3- to 30- 
month follow-up. The results of a study 
by Decker et al” showed that even if 
the closure of the neovascular mem- 
brane was achieved in 17 of 25 eyes, 
visual acuity stabilized or improved in 
only seven eyes. 

To date, no treatment has been 
proved effective for any CNV extend- 
ing under and beyond the foveal avas- 
cular zone. Laser treatment should be 
applied only within the context of a 
randomized clinical trial in which both 
treated and observed eyes have identi- 
cal inclusion criteria. In the Macular 
Photocoagulation Study,* the subfoveal 
lesions were completely obliterated. 
This treatment theoretically could fa- 
cilitate the use of low-vision aids by 
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preserving an area of parafoveal reti- 
na. In our Perifoveal Photocoagulation 
Study, we treated only large subfoveal 
neovascular membranes. Our goal was 
to stop the proliferation of the neovas- 
cular frond without destroying the re- 
maining central photoreceptors and, 
therefore, preserve some central visu- 
al acuity. 

In our previous prospective study,’ 
only 11% of the observed eyes retained 
visual acuity of 20/200 compared with 
50% of the eyes treated with the peri- 
foveal technique. Reading visual acu- 
ity with common low-vision aids was 
achieved by only 3% of the observed 
eyes compared with 71% of the treated 
eyes. 

In this randomized clinical trial, the 
results of perifoveal treatment of 
CNVs involving the foveal avascular 














Fig 8.—Central fixation is relatively spared after 1 year of follow-up. Left, Fluorescein angiogram shows no leakage of dye 
during the late phase (same eye in Fig 1, right). The arrow indicates fixation. Visual acuity is 20/50. Right, Annular scotoma 
after laser treatment. The central area is relatively spared. 





Fig 9.—Recurrence of new vessel growth at the temporal border of the photocoagulation scar. Left, Feeder vessels 
originate from the nonphotocoagulated central foveal avascular zone. Right, After repeated laser treatment, leakage is 
absent. The central foveal zone remains stable. 


zone showed that 41.1% of the treated 
eyes either maintained or improved 
visual acuity, compared with 20.3% of 
eyes in the observed group. Visual 
rehabilitation could be achieved after 
these eyes were treated. The results 
were statistically significant for dis- 
tance visual acuity of 20/400 or better 
in the treated group compared with 
the observed group. The results were 
also highly significant for reading reha- 
bilitation of the treated eyes (73.5% vs 
47.4%; P<.01). 

Timberlake and associates” demon- 
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strated that patients with dense macu- 
lar scotomas used a preferential retinal 
location for fixation after 20 months, 
ie, a pseudofovea next to the scotoma. 
Whittaker et al” found that fixation 
variability increased with the size of 
the scotoma; an abrupt rise occurred 
when scotoma diameters exceeded 20°. 
The authors concluded that reasonably 
steady fixation was thus attainable 
when central scotoma size was smaller 
than approximately 20°. 

Ebert and associates” suggested 
that therapeutic efforts to keep a pa- 
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tient’s visual acuity at 20/200 rather 
than 20/400 appear justifiable in that 
better visual acuity levels seem to be 
associated with improved functional 
performance. 

The perifoveal technique reported 
herein can achieve a flat scar and re- 
sorb serous and/or hemorrhagic sub- 
retinal fluid to preserve central visual 
acuity and stabilize the scotoma. Al- 
most all patients in both study groups 
used a single idiosyncratic retinal area 
immediately adjacent to the scotoma- 
tous area for fixation. Only 17 treated 
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Fig 10.—Late phase of fluorescein angiography after laser treatment shows an area of poorly 
defined leakage of dye adjacent to the photocoagulation scar (arrows). 
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Retinal Vascular Abnormalities in Patients With 
Coarctation of the Aorta 


Karla J. Johns, MD; James A. Johns, MD; Stephen S. Feman, MD 


è Pulsatile three-dimensional retinal 
arteriolar tortuosity has been previously 
reported in about 50% of patients with 
coarctation of the aorta. In a contempo- 
rary series of 20 patients with coarctation 
of the aorta, none exhibited this charac- 
teristic retinal vascular abnormality. Our 
findings suggest that the retinal vascular 
abnormalities in patients with coarcta- 
tion of the aorta represent secondary 
hemodynamic changes. The prevalence 
of these abnormalities may be decreas- 
ing because of earlier surgical repair of 
coarctation. 

(Arch Ophthalmol. 1991;109:1266-1268) 


C oarctation of the aorta is a congeni- 
tal cardiovascular malformation 
consisting of a discrete narrowing of 
the aortic lumen, usually occurring 
just distal to the origin of the left 
subclavian artery. The incidence of co- 
arctation of the aorta is approximately 
one in 2000 live births. Characteristi- 
cally, patients with coarctation of the 
aorta have higher arterial blood pres- 
sure proximal to the coarctation than 
distal to it. Consequently, the pressure 
in the ophthalmic artery is higher than 
the pressure in the lower part of the 
body. Although coarctation of the aor- 
ta is a congenital malformation, varia- 
tions in its severity may cause this 
condition to present in early infancy, 
childhood, adolescence, or adult life. 
Previous reports’ of patients with 
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coarctation of the aorta (Fig 1) de- 
scribe a characteristic pattern of reti- 
nal vascular abnormalities consisting 
of (1) three-dimensional, “corkscrew” 
tortuosity of the retinal arterioles, 
most prominently in the perimacular 
area and posterior pole, with sparing 
of the venules; (2) “serpentine pulsa- 
tions,” a slight bending and unbending 
of a twist in the arterioles, synchro- 
nous with the arterial pulse, seen in 
the entire retinal arterial tree; and 
(3) lack of other signs of hypertensive 
retinopathy such as cotton-wool spots, 
except in extremely long-standing 
cases.” This particular pattern of reti- 
nal vascular abnormalities described in 
patients with coarctation of the aorta is 
not pathognomonic but is generally not 
observed in adult or pediatric patients 
with other forms of hypertension. *®" 

There has been some controversy as 
to whether these retinal vascular 
changes represent an additional con- 
genital vascular anomaly coexistent 
with the coarctation, or if these fea- 
tures are a secondary hemodynamic 
change associated with a more long- 
standing disorder. Some investigators 
have speculated that the pulsatile tor- 
tuosity observed was a primary abnor- 
mality of the retinal arterioles them- 
selves, because it did not resolve after 
the surgical correction of the coarcta- 
tion and because of the paucity of other 
signs of hypertensive retinopathy.” 
However, in the era in which these 
reports were published, it was not 
technically possible to correct coarcta- 
tion in infancy and early childhood,” so 
these observations were made in pa- 
tients who had lived with uncorrected 
coarctation for 5 to 44 years at the time 
of the ocular examination and surgical 
repair. To the best of our knowledge, 
there are no reports in the literature of 
retinal findings in infants with coarcta- 
tion of the aorta. 

The purpose of our study was to 
determine the prevalence of retinal 
vascular abnormalities in patients with 
coarctation of the aorta in the current 
era of repair of this lesion in infancy. 
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PATIENTS AND METHODS 


Twenty patients with coarctation of the 
aorta were identified from the patient regis- 
try of the Division of Pediatric Cardiology 
at Vanderbilt University Medical Center, 
Nashville, Tenn. Informed consent was ob- 
tained from the patient or his or her guard- 
ian. The diagnosis of coarctation of the 
aorta in each case was established by cardi- 
ac catheterization. 

Each patient underwent complete oph- 
thalmologic examination, before and/or af- 
ter repair of the coarctation, including ex- 
amination of the pupillary light reflexes, 
ocular alignment and motility, and anterior 
segment inspection. After the patient’s pu- 
pils were dilated with topical 1% tropica- 
mide, direct and indirect ophthalmoscopy 
was performed. The presence or absence of 
pulsatile three-dimensional retinal arterio- 
lar tortuosity was noted. Additionally, the 
presence or absence of two-dimensional ret- 
inal arteriolar and/or venular tortuosity was 
noted. We defined mild tortuosity as one 
deflection of an arteriole or venule along a 
length equal to one disc diameter, assessed 
at the most tortuous point. Moderate tortu- 
osity was defined as two or three deflec- 
tions per dise diameter of length, and se- 
vere tortuosity as greater than three 
deflections per disc diameter of length. 


RESULTS 


Twenty patients with coarctation of 
the aorta, aged 10 days to 34 years, 
were examined, and the clinical find- 
ings are summarized in the Table. 
Eight of the patients were under 1 
year of age. Fourteen patients were 
male and six were female. One was 
examined before surgical repair of the 
coarctation, two both before and after 
repair, and 17 after repair. 

None of the patients had abnormali- 
ties of the anterior segment. One pa- 
tient had a 20-prism diopter alternat- 
ing exotropia, and one patient had 
undergone strabismus surgery for 
the correction of an infantile-onset 
esotropia. 

None of the 20 patients exhibited the 
previously described retinal vascular 
findings of pulsatile corkscrew tortuos- 
ity. Four patients exhibited moderate 
arteriolar tortuosity, confined to a 
two-dimensional plane, without venu- 
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lar tortuosity (Fig 2). Three patients 
had tortuosity of both the retinal ven- 
ules and arterioles (two mild and one 
moderate). None of the patients exhib- 
ited other signs of hypertensive reti- 
nopathy, such as arteriovenous cross- 
ing changes, cotton-wool spots, or hard 
exudates. Patient 3, a newborn, had 
two small flame-shaped intraretinal 
hemorrhages consistent with birth 
trauma. 

Of the nine patients examined before 
the age of 4 years, none had arteriolar 
or venular tortuosity. All of these chil- 
dren had undergone repair in the first 
6 weeks of life. In contrast, seven of 
the 11 patients examined after the age 
of 4 years had some degree of arterio- 
lar and/or venular tortuosity. The dif- 
ference between these two age groups 
is significant at a level of P<.005 by 
Fisher’s Exact Test. Of the seven pa- 
tients with tortuosity, five still had 
significant coarctation (either unre- 
paired or recurrent) at the time of or 
just before ophthalmologic examina- 
tion. In three of the patients, a revi- 
sion of the coarctation repair was per- 
formed more than 5 years (range, 10 to 
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Fig 1.—A pattern of retinal vascular abnormalities was previously reported in about 50% of 
patients with coarctation of the aorta, which included three-dimensional “corkscrew” tortuosity of i 
the retinal arterioles, with sparing of the venules, pulsation of the retinal arteriolar tree synchro- 


25 years) after the original operation 
because of recurrence of the coarcta- 
tion. All three of these patients had 


moderate tortuosity of the retinal 
vasculature. 


COMMENT 


The retinal vascular changes de- 
scribed in patients with coarctation of 
the aorta, consisting of corkscrew, 
three-dimensional retinal arterial tor- 
tuosity with sparing of the venules and 
serpentine pulsations of the retinal ar- 
terial tree, have been considered high- 
ly characteristic although not patho- 
gnomonic of this cardiovascular 
malformation. Retinal arterial tortuos- 
ity was reported in a 9-year-old boy 
with coarctation of the aorta by 
Rhodes and Durbin in 1942,’ and in 
four of five patients with coarctation 
by Schwartz in 1946.” Bonnet’ de- 
scribed these findings in three patients 
with coarctation, and Granström‘ not- 
ed these characteristic retinal abnor- 
malities in 24 of 40 patients with coarc- 
tation. Walker and Stanfield’ noted 
corkscrew tortuosity in seven of 11 
patients with coarctation, and serpen- 
tine pulsations in 10 of 11. 

In this contemporary series of 20 
patients with coarctation of the aorta, 
none exhibited the characteristic pat- 
tern of retinal vascular abnormalities. 
Seven of the 20 patients did exhibit 
retinal vascular tortuosity, confined to 
a two-dimensional plane. All seven 
were over 4 years of age at the time of 
the examination, and five still had sig- 
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nous with the pulse, and paucity of other signs of hypertensive retinopathy. 


Patient No./Sex/ 
Age at Time of Repair 


1/M/5d 
2/M/4d 
3/M/19d 





4/F/i2d 
5/M/5d 
6/M/22 d 


Summary of Clinical Findings 


Age at Time 
of Examination 


9d 
10d 
18d 


18d 


Ophthalmologic Findings 
No tortuosity 
No tortuosity 


No tortuosity, retinal 
hemorrhages L eye 


No tortuosity 
No tortuosity 








7/F/9 d 
8/M/7 d 


9/F/5 wk; revised at 16 mo 








10/M/6 mo 


11/M/2 wk 


No tortuosity 

No tortuosity 

No tortuosity 

No tortuosity, infantile-onset 
esotropia 

Moderate arteriolar tortuosity, 
no venular tortuosity 








12/M/9 y 
13/M/11y 





14/F/12y 


Moderate arteriolar tortuosity, 
no venular tortuosity 


No tortuosity 


Mild arteriolar and venular 
tortuosity 


No tortuosity 





15/M/12 y 
16/M/5 yr; revised at 15 y 


17/F/15y 





18/F/2 mo; revised at 4 y 


No tortuosity 





15 y, before and after revision 


Moderate arteriolar tortuosity, 
no venular tortuosity 





15y 


19 y 





19/M/3 wk; revised at 20 y 


20 y, before and after revision 





20/M/9 y; revised at 34 y 


34 y 
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Mild arteriolar and venular 
tortuosity 

No tortuosity 

Moderate arteriolar tortuosity, 
no venular tortuosity, 
alternating exotropia 

Moderate arteriolar and venular 
tortuosity 
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Fig 2.—Patient 16, a 15-year-old boy who underwent repair of coarctation of the aorta at age 
5 years and repair of recurrent coarctation at age 15 years, exhibits moderate two-dimensional 
tortuosity of the retinal arterioles. Pulsatile three-dimensional tortuosity was not observed. 


nificant coarctation. We speculate that 
the retinal arteriolar and venular tor- 
tuosity that we observed may have 
been related to the duration of unre- 
paired or recurrent coarctation and 
did not represent a congenital 
abnormality. 

Friedenwald" studied the vascular 
hydrodynamics that produce retinal 
arterial tortuosity. He postulated that 
in patients with normal peripheral vas- 
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cular resistance, increased retinal ar- 
terial blood pressure promotes tortu- 
osity. He found that in addition to 
tortuosity, other factors, including a 
wide pulse pressure, high systolic 
pressure, and pliable vessel walls en- 
hanced the development of serpentine 
pulsation. Patients with coarctation 
are usually young and otherwise 
healthy and have initially normal pe- 
ripheral vascular resistance and pliable 
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vessel walls. They may have markedly 
elevated systolic pressure. The pulsa- 
tile tortuosity previously observed in 
these patients is consistent with the 
hydrodynamic concepts described by 
Friedenwald. 

The observation that the pulsatile 
tortuosity did not resolve after surgi- 
cal correction of the coarctation led 
some authors in the past to speculate 
that the retinal vascular abnormalities 
represented a congenital vascular 
anomaly coexistent with the coarcta- 
tion. However, it may be that once 
retinal arteriolar tortuosity is present 
chronically, it remains even after the 
hypertension inducing it is resolved. 

An animal model of coarctation pro- 
vides evidence in support of the view 
that the secondary hemodynamic ef- 
fects of the coarctation give rise to the 
retinal vascular changes. Stepanov and 
colleagues” produced experimental co- 
arctation of the aorta in 96 normal dogs 
and studied the resultant changes in 
the retinal vasculature using radi- 
opaque intravascular contrast materi- 
als and radiographs. They found that 
corkscrew tortuosity of the retinal ar- 
terioles developed, with the severity of 
the tortuosity proportional to duration 
and extent of the experimental 
coarctation. 

Our findings support this view that 
secondary hemodynamic changes are 
responsible for the retinal findings pre- 
viously described. We speculate that 
advances in the diagnosis and manage- 
ment of coarctation that make possible 
the earlier repair of this lesion, even 
within the first days of life, have led to 
the decreased prevalence of corkscrew 
retinal arteriolar tortuosity that we 
observed. 
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Clinicopathologic Reports 


Class II Major Histocompatibility Complex on 
Melanocytes of Vogt-Koyanagi-Harada Disease 


Taiji Sakamoto, MD; Toshinori Murata, MD; Hajime Inomata, MD 


e The eyes obtained from two Japa- 
nese autopsy cases of patients with 
Vogt-Koyanagi-Harada disease were im- 
munohistochemically examined. Both 
patients, a 63-year-old woman and a 68- 
year-old man, were clinically and histo- 
logically diagnosed as having Vogt- 
Koyanagi-Harada_ disease. Immuno- 
histochemically, the choroidal infiltrate 
was composed predominantly of T lym- 
phocytes with a larger proportion of 
helper/inducer T cells than suppressor/ 
cytotoxic T cells and it also included 
activated lymphocytes expressing CD26 
and CD25 antigens. Class II major histo- 
compatibility complex was expressed in 
the choroidal melanocytes as well as in 
the endothelium of the choriocapillaris. 
Depositions of complement, however, 
were focally noticed in the choroid. Our 
results indicate that the cell-mediated 
immune process plays an important role 
in the development and progression of 
Vogt-Koyanagi-Harada disease, while 
choroidal melanocytes appear to play a 
pathogenic role in this disease. 

(Arch Ophthalmol. 1991;109:1270-1274) 


Vost - Koyanagi - Harada disease 

(VKH) is a bilateral uveitis of un- 
known origin that is associated with 
extraocular manifestations, such as ce- 
rebrospinal fluid pleocytosis, alopecia, 
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dysacousia, and vitiligo." The ocular 
lesions of VKH are characterized by 
lymphocytic infiltration and/or a gran- 
ulomatous inflammation throughout 
the uveal tract, and these alterations 
are similar to those of sympathetic 
ophthalmia."’ There have been only a 
few histopathologic reports of VKH*” 
and the immunohistochemical reports 
are even more limited."*” It has been 
reported that the immune mechanism 
plays an important role in the patho- 
genesis of VKH,™ "= but very few 
studies have examined the prevalence 
of immune responses to major histo- 
compatibility complex (MHC) in VKH. 
The aim of this study, therefore, is to 
clarify the participation of the immune 
mechanism in the pathogenesis of 
VKH with the use of immunohistoche- 
mical techniques. In our previous re- 
ports, we discussed the relationship 
between the clinical stage of VKH and 
its inflammatory activity which mainly 
was assessed by the immunohistoche- 
mical distribution of T lymphocytes in 
the choroid.'"” In this report, we at- 
tempted to carry out far more detailed 
immunohistochemical analyses, partic- 
ularly with regard to the distribution 
of cells expressing interleukin 2 (IL-2) 
receptor and class II MHC, as well as 
with regard to the depositions of com- 
plement and immunoglobulins. 


REPORT OF CASES 


The clinical details of two cases of VKH 
have been previously reported, and the 
brief essentials are as follows. 

CASE 1.—A 63-year-old Japanese woman 
had a 2-year, 8-month history of VKH. In 
June 1984, she complained of bilateral visu- 
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al disturbance. Her corrected visual acuity 
was 20/50 OD and 20/200 OS. Both slit-lamp 
and ophthalmoscopic examinations revealed 
inflammatory signs in both the anterior 
chamber and ocular fundus (Fig 1). The 
cerebrospinal fluid white cells numbered 
60/uL. There was no history of ocular trau- 
ma. She was diagnosed as having bilateral 
VKH and was treated with corticosteroids 
(100 mg/d of prednisolone for 2 months and 
30 mg/d for the next 3 months; eye drops of 
0.1% dexamethasone were administered 
three times per day. After treatment for 5 
months, visual acuity recovered to 20/30 OD 
and 20/20 OS. At that time, however, symp- 
toms of vitiligo and poliosis became mani- 
fest. In February 1987, she died of lung 
metastasis of squamous cell carcinoma of 
the uterine cervix. Both eyes were enucle- 
ated at autopsy 6 hours after death. 

CASE 2.—A 68-year-old Japanese man 
had a 7-year history of VKH. In 1975, 
severe headaches and visual disturbances 
developed suddenly. He was diagnosed as 
having VKH and was treated with cortico- 
steroids. (Doses, duration, and types of the 
steroids were not known.) We did not 
observe any inflammatory signs in either of 
his eyes during a clinical examination in 
August 1982. His corrected visual acuity 
was 20/20 OD and 20/20 OS. Vitiligo was 
noted on his forehead. In December 1982, 
he died of dyspnea caused by diffuse inter- 
stitial pneumonia. Both eyes were enucleat- 
ed at autopsy about 17 hours after death. 


MATERIALS AND METHODS 
Histopathologic Examination 


The enucleated eyes were horizontally 
opened and fixed with 6% formaldehyde 
solution, dehydrated with a graded series of 
alcohol, and embedded in paraffin. The sec- 
tions were stained with hematoxylin-eosin. 
In case 1, fresh ocular tissue was snap 
frozen in liquid nitrogen and stored at 
—70°C. 
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Immunohistochemical Examination 


The paraffin-embedded blocks from both 
patients and the frozen sections from case 1 
were used for the immunohistochemical 
studies. Cryostat sections were cut at 4 um 
and then fixed with cold acetone. The fol- 
lowing immunohistochemical procedures 
were performed using the avidin-biotin- 
complex method” or the alkaline phospha- 
tase antialkaline phosphatase method.” The 
sections were incubated with the following: 
(1) 1% normal horse serum for 30 minutes; 
(2) primary antibody overnight at 4°C; (3) 
1/200 dilution of biotinylated horse antisera 
against mouse immunoglobulins for 30 min- 
utes; and (4) avidin-biotinylated peroxidase 
complex (Vector Laboratories, Burlingame, 





Calif) or avidin-biotinylated alkaline phos- 
phatase complex (Dakopatts, Glostrup, 
Denmark). The latter were adopted as the 
primary antibodies against B cells, CD4, 
CD8, HLA-DR, MA-935, and complement. 
After each step, the sections were washed 
with phosphate-buffered saline three times 
for 5 minutes. The sections for the avidin- 
biotin-complex method were treated with 
3% hydrogen peroxidase in methyl alcohol 
for endogenous peroxidase inhibition after 
step 1. Peroxidase activities were devel- 
oped in 0.05% 3,3,-diaminobenzidine tetra- 
hydrochloride (Wako, Tokyo, Japan) and 
alkaline phosphatase activities were devel- 
oped in 0.025% naphthol-AS-BI phosphoric 
acid in N,N-dimethyl formamide (Vector 
Laboratories) containing 1 mmol/L of leva- 


Fig 1.— The ophthalmoscopic findings of the right eye (case 1) are shown at the onset of Vogt- 
Koyanagi-Harada disease. Note the exudative retinal detachment in the posterior fundus 


(arrows). 


misole (Sigma Chemical Co, St Louis, Mo). 

Two eyes, used as histopathologic and 
immunohistochemical controls, were ob- 
tained at autopsy. One was from a 76-year- 
old Japanese man who died of suffocation 
and the other was from a 53-year-old Japa- 
nese woman who died of malignant thy- 
moma. Neither of these patients had any 
previous episodes of ocular diseases. Each 
eye was enucleated within 3 hours after 
death. 


Primary Antibodies 


The primary antibodies used in this study 
consisted of the following; monoclonal anti- 
bodies against T lymphocytes (UCHL-1, 
Dakopatts) (dilution 1:100); B lymphocytes 
(MX-pan-B, Kyowa, Tokyo, Japan) (dilu- 
tion 1:50); helper/inducer T lymphocytes 
(CD4, Leu-3a+3b, Beckton Dickinson, 
Mountain View, Calif) (5 mg/L); suppres- 
sor/eytotoxic T lymphocytes (CD8, Leu-2a, 
Beckton Dickinson) (5 mg/L); activated T 
lymphocytes (CD26, gp240, Immunotech, 
Marseilles, France) (dilution 1:50); IL-2 re- 
ceptor (CD25, IOT14, Immunotech) (dilu- 
tion 1:50); interferon gamma (Chemicon, El 
Segundo, Calif) (dilution 1:20); HLA-DR 
(CR3/43, Dakopatts) (dilution 1:25, 5 mg/L); 
HLA-DR (IOT 2a, Immunotech) (dilution 
1:25); and antimacrophage (MA-935, Enzo 
Biochem, New York, NY) (dilution 1:800). 

The polyclonal antibodies used in this 
study were rabbit IgGs against C3d, C3c, 
C5 complement, human IgG, human IgM, 
and «,-antitrypsin (all of which were from 
Dakopatts and all dilutions were 1:100). 
Monoclonal antibodies for CD4, CD8, 
CD25, CD26, interferon gamma, and HLA- 
DR (IOT 2a) were used for frozen sections 
and the others were used for paraffin 
sections. 


RESULTS 
Light Microscopic Findings 


Both cases showed similar light mi- 
croscopic findings. The choroid was 


Fig 2.—Left, A Dalen-Fuchs nodule is seen in case 1. Note the collection of retinal pigment epithelial cells 
(Dalen-Fuchs nodule). The sensory retina is artificially detached and the choroid undergoes fibrosis (hematox- 
ylin-eosin, original magnification x 75). Right, Mononuclear cell infiltration is seen in the choroid of case 2. 
Choroidal melanocytes have decreased in number (hematoxylin-eosin, original magnification x 50). 
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Figure 3 
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Fig 3.—Facing page, Immunohistochemical 
staining of the choroid. A, Anti-T-cell mono- 
clonal antibody (UCHL-1). The infiltrating 
lymphocytes in the choroid are positively 
stained on their surfaces (avidin-biotin-com- 
plex method, original magnification x 125, 
paraffin section in case 2). B, Anti-B-cell 
monoclonal antibody (Mx-Pan B). B cells are 
shown to be gathered in small aggregations 
(alkaline phosphatase antialkaline phospha- 
tase [APAAP] method, original magnification 
x 125, paraffin section in case 2). C, Anti- 
helper/inducer T-cell monoclonal antibody 
(CD4) (APAAP method, original magnifica- 
tion x 125, frozen section in case 1). D, Anti- 
suppressor/cytotoxic T-cell monoclonal anti- 
body (CD8) (APAAP method, original magni- 
fication x 125, frozen section in case 1). E, 
Antiactivated T-cell marker monoclonal anti- 
body (IOT15) (CD26) (avidin-biotin-complex 
method, original magnification x 175, frozen 
section in case 1). Some infiltrating lympho- 
cytes in the choroid show immunologic posi- 
tivity to a respective antibody. F, Anti-HLA- 
DR monoclonal antibody (CR3/43). 
Choroidal melanocytes are positively stained 
(arrows) (APAAP method, original magnifica- 
tion x 150, paraffin section in case 2). G, 
Antimacrophage antibody (MA-935). Some 
multinucleated or round-shaped cells were 
positively stained (arrows); however, spindle- 
shaped melanin-laden cells, melanocytes, 
did not show positive reaction (APAAP meth- 
od, original magnification x 175 in case 2). H, 
Immunohistochemical staining with rabbit 
IgGs to C5 in case 1. The red reaction product 
of C5 was present in the inner side of the 
choroid (arrows) (APAAP method, original 
magnification x 40, paraffin section). 


thickened with fibrosis and mononucle- 
ar cell infiltration, which was primarily 
composed of lymphocytes and a small 
number of plasma cells. The inflamma- 
tory cells were prominent in the poste- 
rior polar part of the choroid, where 
melanocytes disappeared to some ex- 
tent. The inflammatory cells were 
more prominent, and more choroidal 
melanocytes remained in case 2 than in 
case 1. The remaining melanocytes 
were mainly elongated and partly spin- 
dle shaped. No granulomatous lesions 
could be found in the choroid. The 
retinal pigment epithelium was almost 
completely preserved except for hav- 
ing undergone focal degeneration and 
disappearance. Typical Dalen-Fuchs 
nodules were present (Fig 2, left). The 
lymphocytic infiltrate was also noted in 
the ciliary body and iris, but the cor- 
nea and sclera showed no remarkable 
change. The sensory retina was slight- 
ly thinned and had partly degenerated. 


Immunohistochemical Findings 
Immunohistochemical studies also 
revealed similar findings in both cases. 
The infiltrating lymphocytes consisted 


of both T and B lymphocytes. T lym- 
phocytes were diffusely distributed 
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throughout the choroid but B lympho- 
cytes were scattered with a tendency 
of clustering in small aggregates (Fig 
3, A and B). Helper/inducer T cells 
(CD4*) were more numerous than 
suppressor/cytotoxie T cells (CD8*) 
(Fig 3, C and D). Activated T lympho- 
cytes expressing IL-2 receptor (CD25) 
and CD26 were scattered in all areas of 
the choroid (Fig 3, E). HLA-DR anti- 
gen was also noticed in the infiltrating 
lymphocytes, in the endothelial cells of 
the choriocapillaris, and in the choroi- 
dal melanocytes, especially the depig- 
mented ones (monoclonal antibody IOT 
2a in case 1, CR3/43 in both cases) (Fig 
3, F). Many melanocytes showed the 
positive reaction of HLA-DR antigen 
where lymphocytes accumulated, 
while few melanocytes showed the pos- 
itive reaction where lymphocytes were 
sparse. However, we could not detect 
any HLA-DR antigen in the retinal 
pigment epithelial cells. Those melano- 
cytes did not show a positive reaction 
for a,-antitrypsin. Some melanin-laden 
macrophages were positively stained 
with antimacrophage antibodies, but 
spindle-shaped melanocytes were not 
(Fig 3, G). The complement compo- 
nents (C3d, C5) were deposited in the 
inner choroid of the posterior fundus 
(Fig 3, H) and the depositions of IgG 
and IgM were weak around the chorio- 
capillaris but not in the sensory retina. 
No interferon gamma could be found 
immunohistochemically in the ocular 
tissues of either case. 

The two control cases showed no 
inflammatory infiltrate in the ocular 
tissues. Many melanocytes were ob- 
served in the choroid and they kept 
their original structures. HLA-DR 
antigens were not expressed in the 
ocular tissues, including the retinal 
pigment epithelium, the vascular endo- 
thelium, and the choroidal melano- 
cytes. Complement, IgG, or IgM could 
not be detected either. 


COMMENT 


The two patients described herein 
were clinically typical examples of 
VKH with ocular and extraocular man- 
ifestations as well as oculodermal de- 
pigmentation. The histopathologic al- 
terations were similar in both cases 
and were characterized by extensive 
depigmentation and loss of melano- 
cytes that were accompanied by infil- 
tration of chronic inflammatory cells, 
mainly lymphocytes, in the choroid, 
and also by degeneration of the retinal 
pigment epithelium with a few Dalen- 
Fuchs nodules and thinning of the reti- 
na. They also had many similar or 
identical findings with the previously 
reported histopathologic findings of 


both VKH and sympathetic ophthal- 
mia.“ In the present cases, melanin- 
laden spindle-shaped cells in the cho- 
roid were not melanophages but 
melanocytes, because melanophages 
do not form elongated spindle shapes 
and the cells did not show positive 
reaction for a,-antitrypsin or antima- 
crophage antibodies, which are mark- 
ers for macrophages.” 

In our earlier study, we demonstrat- 
ed that both T and B cells were distrib- 
uted in the uveal tracts of patients 
with VKH.” The pathologic as well as 
the normal immune response is initiat- 
ed by recognition of MHC antigens by 
T lymphocytes on an antigen-present- 
ing cell.” Our observation that T lym- 
phocytes were present in substantial 
amounts in the choroid of patients with 
VKH, together with HLA-DR-posi- 
tive melanocytes, and a few endotheli- 
al cells, suggested that a cell-mediated 
immune response might intimately 
participate in the pathogenesis of 
VKH. Most of the T lymphocytes were 
CD4' helper/inducer T cells that react- 
ed with antigens of class II MHC con- 
tents.” CD8* cytotoxic/suppressor T 
cells were relatively low in density and 
interspersed with helper/inducer T 
cells. Since it is now well known that 
only a few CD4-type T subclass cells 
also contain cytotoxic T cells,” the 
activation and regulation of a cell-me- 
diated immune response may be com- 
plicated as reflected by the clinicopath- 
ologic stages of VKH. 

The presence of T lymphocytes in a 
tissue does not necessarily implicate 
that an immune response occurs and 
progresses. It was therefore important 
to clarify whether infiltrating lympho- 
cytes in the uveal tracts of patients 
with VKH were activated. We used an 
antigen to the IL-2 receptor (CD25) 
expressed at the early stage of activa- 
tion of T lymphocytes and also an 
antibody to CD26 as a marker for the 
late activation.” Both markers were 
expressed on the surface of the infil- 
trating lymphocytes. The IL-2 recep- 
tor is known to be important for the 
growth and proliferation of T cells as 
well as receptors of transferrin and 
insulin.” Assuming the expression of 
IL-2 receptor and CD26 antigens in 
VKH, a cell-mediated immune re- 
sponse possibly plays an intimate and 
important role in the progression of 
this disease. Several authors have re- 
ported that CD4-type T cells were 
found in the peripheral blood and cere- 
brospinal fluid of a higher subpopula- 
tion.” Our findings appear to be 
consistent with these from the aspect 
of the immunologic cellular population. 

Class II MHC, HLA-DR, was ex- 
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pressed by the choroidal melanocytes, 
especially the depigmented cells. It is 
well known that class II MHC express- 
ing cells participate in the initiation of 
immune responses and the class II 
antigen molecule itself also plays a 
major role in the presentation of anti- 
gen.” In a normal condition, class I 
MHC is expressed by only a few cell 
types.” Aberrant expressions of class 
II MHC have been reported in autoim- 
mune conditions such as rheumatoid 
arthritis, thyroiditis, and other dis- 
eases as well.” On the other hand, 
choroidal melanocytes have not been 
reported to express class II MHC. We 
were not able to reveal the expression 
of HLA-DR antigen from choroidal 
melanocytes in normal eyes using im- 
munohistochemical methods. Our ob- 
servation that the choroidal melano- 
cytes in VKH aberrantly expressed 
class II MHC suggests the possibility 
that the melanocytes are one of the 
target cells in the pathogenesis of 
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VKH. Therefore, it is reasonable to 
postulate that the antigen(s) presented 
by melanocytes leads to a progression 
of the inflammation of VKH, but it 
cannot yet be concluded whether this 
aberrant expression of HLA-DR is the 
cause or the result of VKH because 
class II MHC can be induced in some 
types of cells by various cytokines” 
that are possibly provoked in inflam- 
matory sites. 

Chan et al” reported the importance 
of cellular immunity in the develop- 
ment of VKH; however, they did not 
present any positive reaction for IL-2 
receptors or class II MHC. This might 
have been due to the fact that the 
inflammation in their patient had al- 
ready subsided as a result of a lengthy 
bout of VKH with a remarkable loss of 
choroidal melanocytes. The inflamma- 
tion in our present cases was also more 
active than the inflammation in their 
case, so it is possible that our results 
more directly reflect the real inflam- 
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matory process of VKH than those 
from their case. 

Depositions of C3d and C5, IgG and 
IgM, and B-cell infiltration were also 
present in the uveal tract, especially 
on the inner side of the choroid, which 
suggested that humoral immunity may 
also participate in the modulation and 
progression of VKH. A few authors 
have pointed out the significance of 
humoral immunity in the pathogenesis 
of VKH with the use of peripheral 
lymphocytes,” but to our knowl- 
edge, depositions of complement and 
immunoglobulins in the choroid of pa- 
tients with VKH have not been re- 
ported prior to this article. It is there- 
fore believed that we will have to 
continue to make careful studies of 
patients with this disease to elucidate 
the real pathogenesis of VKH and 
thereby develop a better strategy for 
treatment. 
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Poorly Differentiated Primary Orbital Sarcoma (Presumed 
Malignant Rhabdoid Tumor) 


Radiologic and Histopathologic Correlation 


Lenworth N. Johnson, MD; F. Mack Sexton, MD; Stuart H. Goldberg, MD 


e A 47-year-old man presented with 
acquired hyperopia and gaze-evoked vi- 
sual loss. Computed tomography and 
magnetic resonance imaging demon- 
strated a well-circumscribed intraconal 
tumor. Histopathologic studies indicated 
that the tumor was a poorly differentiated 
primary orbital sarcoma compatible with 
malignant fibrous histiocytoma or malig- 
nant rhabdoid tumor. To our knowledge, 
no case of primary orbital malignant 
rhabdoid tumor has been previously de- 
scribed in an adult. 

(Arch Ophthalmol. 1991;109:1275-1278) 


M gnant rhabdoid tumor, which 
occurs primarily in children, has 
been described only recently in the 
literature.’ The tumor is usually of 
renal origin, exhibits rapid growth, 
and has a high mortality with uniform- 
ly poor prognosis. Extrarenal sites of 
origin have been reported in adults, 
but no case of primary orbital malig- 
nant rhabdoid tumor has been report- 
ed in an adult, to our knowledge. We 
present the case of an adult with poor- 
ly differentiated primary orbital sarco- 
ma with histopathologic features sug- 
gestive of malignant rhabdoid tumor. 


REPORT OF A CASE 


A 47-year-old man was evaluated for 
gradual left eye visual loss and monocular 
diplopia of 3 months’ duration. The visual 
loss was present in primary gaze but was 
absent in downward gaze. Headache, facial 
pain, and binocular diplopia were notably 
absent. He was otherwise in excellent 
health. 

Visual acuity was 20/20 OU. The refrac- 
tive error of the left eye was 2.5 diopters 





Accepted for publication April 8, 1991. 

From the Neuro-Ophthalmology Division, Ma- 
son Institute of Ophthalmology, University of 
Missouri-Columbia (Dr Johnson); and the Depart- 
ments of Pathology (Dr Sexton) and Ophthalmolo- 
gy (Dr Goldberg), Penn State University, Her- 
shey, Pa. Dr Sexton is now with the University of 
Florida, Gainesville. 

Presented in part at the Frank B. Walsh 
Neuro-Ophthalmology Society Meeting, Indianap- 
olis, Ind, February 17, 1990. 

Reprint requests to Neuro-Ophthalmology Di- 
vision, Mason Institute of Ophthalmology, Uni- 
versity of Missouri-Columbia, Columbia, MO 
65212 (Dr Johnson). 


Arch Ophthalmol—Vol 109, September 1991 


more hyperopic than 1 year before presen- 
tation. Threshold perimetry showed diffuse 
visual field depression for both eyes. Color 
vision was normal with the Ishihara test. 
The pupils were equal and constricted nor- 
mally to light stimulation. A relative affer- 
ent pupillary defect was not identified. 
There was 3-mm exophthalmos and moder- 
ately increased resistance to retrodisplace- 
ment of the left globe. The range of eye 
movement was normal, and there was no 
ocular misalignment. The intraocular pres- 
sures were asymmetric, 9 mm Hg for the 
right eye and 16 mm Hg for the left. 
Moderate optic dise edema with peripapil- 
lary capillary dilatation was present in the 
left eye. Spontaneous venous pulsations 
were absent bilaterally. 

A computed tomographic scan revealed a 
2.5-em, ovoid, intraconal mass in the left 
lateral orbit (Fig 1) The lateral rectus 
muscle could not be identified with certain- 
ty. Intravenous contrast demonstrated a 
central cystic space with rim enhancement 
of the mass. Bone erosion was absent. 
Magnetic resonance imaging showed a low- 
signal intensity mass on T,-weighted im- 
ages, with internal septations of high signal 
intensity in the posterior two thirds of the 
tumor (Fig 2). There was rim enhancement 
of the tumor following intravenous gadolini- 
um contrast. The central tumor was of low 
signal intensity, compatible with necrosis. 
An orbital B-mode ultrasonogram demon- 
strated a central cystic space with sur- 
rounding intermediate-intensity echoes. 

The patient underwent a left lateral orbi- 
totomy with resection of a circumscribed, 
firm tumor that was within the sheath of 
the lateral rectus muscle. The tumor, which 
measured 3.2 x 2.2 x 1.1 cm, was easily dis- 
sected at the anterior and medial aspects 
but was densely adherent laterally and 
posteriorly. 


HISTOPATHOLOGIC EXAMINATION 


Light microscopy of the neutral buffered 
10% formaldehyde-fixed surgical pathology 
specimen revealed a biphasic, densely cellu- 
lar proliferation surrounded by compacted 
fibrous tissue (Fig 3) with central areas of 
necrosis and hemorrhage. Round and spin- 
dle-shaped tumor cells were arranged in 
loosely weaving fascicles (Fig 4). Neoplastic 
cells were markedly pleomorphic and hy- 
perchromatic. Tumor giant cells were rela- 
tively abundant, and atypical mitotic fig- 
ures were prominent. In addition, many 
bizarre tumor giant cells contained a promi- 
nent, eosinophilic, intracytoplasmic globule 
that displaced the nucleus (Fig 4). 

To demonstrate a route of cellular differ- 


entiation, a battery of immunohistochemical 
stains were performed on 10% formalde- 
hyde-fixed tissue. Five-micrometer sections 
were placed on slides (Fisher Prob-on 
slides, Fisher Scientific, Malvern, Pa) coat- 
ed with 3-aminopropyltriethoxysilane (Si- 
lane, Aldrich Chemical, Milwaukee, Wis). 
Immunoperoxidase stains were performed 
by the avidin-biotin complex technique and 
run on an automated system (Fisher Histo- 
matic Slide Stainer-Code-on Series, Fisher 
Scientific) with appropriate positive and 
negative controls utilizing 3-amino-9-ethyl- 
carbazole as a chromagen. Immunoperoxi- 
dase stains utilizing antisera to broad-spec- 
trum cytokeratin AEI/AE3  (Becton- 
Dickinson, Mountain View, Calif) at a 
straight working dilution were negative. 
Negative results were also obtained with 
antisera to muscle-specific actin and S100 
protein (Biomeda, Foster City, Calif) at 
straight working dilutions. Antiserum to 
leukocyte common antigen (Dako, Carpin- 
teria, Calif) at a working dilution of 1:25 
was also negative. Antiserum to vimentin 
(Sigma Chemical Co, St Louis, Mo) at a 
working dilution of 1:40 was strongly posi- 
tive in tumor cells. In addition, there was 
marked accentuation of staining in the par- 
anuclear globules (Fig 5). 

Tissue for electron-microscopic examina- 
tion was fixed in 4% ultrapure formalde- 
hyde-1% glutaraldehyde and rinsed in buff- 
er. Tissue was postfixed in 1% osmium 
tetroxide and block stained with uranyl 
acetate. Tissue was then dehydrated and 
infiltrated with epoxy resin (PolyBed 812, 
Polysciences Inc, Warrington, Pa). Thin 
sections were examined with a transmission 
electron microscope (Philips 201, Philips 
Research Lab, Eindhoven, the Nether- 
lands). Ultrastructurally, there were com- 
pact whorls of intermediate filaments corre- 
sponding to the eosinophilic globules noted 
on light microscopy (Fig 6). 

The results of light microscopic, immuno- 
peroxidase, and ultrastructural studies indi- 
cated a poorly differentiated sarcoma. Sys- 
temic evaluation that included a complete 
physical examination, liver profile, complete 
blood cell count, and abdominal and chest 
computed tomographic scans showed no evi- 
dence of primary or metastatic tumor else- 
where. The patient was presumed to have a 
primary orbital sarcoma. Postoperatively, he 
received left orbital irradiation of 5000 cGy in 
25 fractions over 6 weeks. Visual acuity OS 
has remained at 20/20, but with 2.5 diopters 
less hyperopic refractive error. He continues 
to do well 18 months postoperatively, with 
only mild abduction weakness and diplopia on 
leftward gaze. 
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Fig 1.—Left, Left intraconal mass demonstrated on computed tomography. Right, Left intraconal mass 
demonstrated on coronal computed tomography. Bone erosion is absent. 
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Fig 2.—Left, T,-Weighted magnetic resonance image of the left orbital mass. Right, T,-Weighted 


magnetic resonance image of the left orbital mass. 


COMMENT 

The radiographic and ultrasound ap- 
pearance of a well-circumscribed, in- 
traconal mass with enhancing periph- 
ery and central cystic space could 
represent a schwannoma, fibrous his- 
tiocytoma, metastatic tumor, liposar- 
coma, abscess cavity due to a parasite, 
or lymphangioma. Although cavernous 
hemangioma is an important differen- 
tial diagnosis of a well-circumscribed 
intraconal mass, it is quite unusual for 
this tumor to have a large, central 
cystic space. The histopathologic fea- 
tures of the tumor demonstrated a 
high-grade sarcoma with differential 
diagnosis of malignant rhabdoid tu- 
mor, malignant fibrous histiocytoma, 
or undifferentiated rhabdomyo- 
sarcoma. 

Immunohistologic staining of most 
rhabdomyosarcomas and leiomyosarco- 
mas will show desmin-positive cells, 
while most nonmyogenic sarcomas 
stain negatively for desmin. Further 
immunohistologic differentiation of 
sarcomas of myogenic origin can be 
made by identification of myoglobin or 
muscle-specific actin in striated mus- 
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cles and in smooth muscles. The histo- 
logic appearance and the ultrastructur- 
al findings did not support 
rhabdomyosarcoma for our case.” 
Cross-striations were absent in tumor 
cells. In addition, immunohistologic 
preparations showed that many tumor 
cells stained positively for vimentin, 
but muscle-specific actin was not de- 
tected in the tumor cells. 

Fibrous histiocytomas are the most 
common primary mesenchymal tumors 
of the orbit in adults, though these 
tumors are more frequently located in 
the skeletal muscle, fascia, and adipose 
tissue of the extremities and retroperi- 
toneum.* Fibrous histiocytomas are 
composed of fibroblastic and histiocytic 
cells and have been grouped as benign, 
locally aggressive, or malignant based 
on histopathologic appearance. The be- 
nign tumors are circumscribed and oc- 
casionally encapsulated, while the 
malignant tumors demonstrate infil- 
trating margins and areas of tumor 
necrosis. Malignant fibrous histiocyto- 
mas are characterized by a storiform 
or cartwheel pattern of spindle cells, 
multinucleated tumor giant cells with 
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increased lipid within cytoplasmic vac- 
uoles, nuclear pleomorphism, and mi- 
totic activity. Some malignant fibrous 
histiocytomas are well vascularized 
with irregularly dilated capillaries, 
suggesting a hemangiopericytoma 
variant, while others have ultrastruc- 
tural features of myofibroblasts. Ma- 
lignant fibrous histiocytomas are ag- 
gressive tumors, with 5- and 10-year 
survival rates of 54% and 23% for 14 
reported cases.’ In these cases, death 
was often attributed to local invasion 
or distant metastasis. The histopatho- 
logic examination of our patient’s tu- 
mor demonstrated many features of a 
malignant fibrous histiocytoma. The 
tumor also contained prominent intra- 
cytoplasmic eosinophilic inclusions, a 
feature not commonly reported in ma- 
lignant fibrous histiocytoma but char- 
acteristic of malignant rhabdoid tu- 
mor.” 

Malignant rhabdoid tumor has only 
recently been described in the litera- 
ture.™ The tumor was initially consid- 
ered a sarcomatous variant of Wilms’ 
tumor, but further analysis indicated 
that malignant rhabdoid tumor was 
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Fig 3.—Low-power view of pleomorphic densely cellular neoplasm. 
Pale areas correspond to tumor necrosis (hematoxylin-eosin, x 20). 








Fig 5.—Vimentin positivity was detected in paranuclear inclusions 
(3-amino-9-ethylcarbazole, x 400). 





Fig 4.—Left, The tumor cells were biphasic, consisting of both round and spindle-shaped cell types 
(hematoxylin-eosin, x 400). Right, Many pleomorphic tumor cells contained an eosinophilic intracyto- 
plasmic inclusion, which displaced the nucleus (hematoxylin-eosin, x 400). 


both clinically and histologically dis- 
tinct from Wilms’ tumor.'” Malignant 
rhabdoid tumor has a high recurrence 
rate irrespective of the initial disease 
stage. There is rapid tumor growth 
and a high mortality, with uniformly 
poor prognosis. 

Malignant rhabdoid tumors are char- 
acteristically composed of round cells 
with eosinophilic globules displacing 
notched or vesicular nuclei. There are 
prominent “owl-eye” nucleoli with oc- 
casional mitoses. A  pseudoalveolar 
pattern with osteoclast-type giant cells 
may be present. Ultrastructural ex- 
amination has shown the eosinophilic 
inclusions to be compact whorls of in- 
termediate filaments of 10 nm diame- 
ter. Intermediate filaments are fibrous 
cytoskeleton structures composed of 
polymers of related polypeptides that 
vary in molecular weight between 40 
and 200 kd. The intermediate filaments 
measure 8 to 11 nm in diameter, inter- 
mediate between microfilaments such 
as actin (4 to 8 nm) and thick filaments 
such as myosin (13 to 16 nm) or micro- 
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tubules (25 nm). Using biochemical and 
immunologic criteria, five major class- 
es of intermediate filaments have been 
identified: (1) cytokeratins (40 to 68 
kd), which are found in keratinizing 
and nonkeratinizing epithelia; (2) vi- 
mentin (57 kd), which is mainly re- 
stricted to (nonepithelial) mesenchy- 
mal cells; (3) desmin (53 kd), which is 
characteristic of most myocytes; (4) 
glial fibrillary acidic protein (55 kd), 
which is localized primarily in glial 
cells; and (5) neurofilaments (68-, 120-, 
and 200-kd polypeptides), which are 
found in most neurons. The eosinophil- 
ic inclusions with whorls of intermedi- 
ate filaments on ultrastructural exami- 
nation in our case are not path- 
ognomonic for malignant rhabdoid tu- 
mor but have been reported in epitheli- 
oid sarcoma, synovial sarcoma, myxoid 
chondrosarcoma, and malignant meso- 
thelioma.*” However, malignant rhab- 
doid tumor can be readily differentiat- 
ed from these tumors by light 
microscopy and  immunohistologic 
staining of intermediate filaments." 


The histologic origin of malignant 
rhabdoid tumors is uncertain, having 
been considered to be of histiocytic, 
neuroectodermal, myogenic, epithelial, 
and mesenchymal origin.*” Malignant 
rhabdoid tumor cells are nearly always 
vimentin positive and frequently stain 
positive for cytokeratins and epithelial 
membrane antigen.’ Although most 
reports indicate a lack of staining for 
desmin in malignant rhabdoid tumor, a 
recent report indicated nearly 50% 
desmin-positive cells in malignant 
rhabdoid tumor.’ The positive desmin 
staining does not indicate that the ma- 
lignant rhabdoid tumor is of myogenic 
origin, since desmin-positive cells have 
been identified in malignant fibrous 
histiocytoma and epithelioid sarco- 
ma.*" Positive staining for myoglobin 
in malignant rhabdoid tumor cells has 
not been reported. In summary, the 
histopathologic findings of our case 
represent a poorly differentiated sar- 
coma with features of malignant fi- 
brous histiocytoma and malignant 
rhabdoid tumor. The prominent eosin- 
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globules of intermediate filaments (uranyl acetate—lead citrate, x 11 000). 


ophilic inclusions with whorls of inter- 
mediate filaments are, however, more 
suggestive of malignant rhabdoid 
tumor. 

Most malignant rhabdoid tumors are 
of renal origin, but extrarenal sites of 
origin, such as the central nervous 
system, neck, extremities, chest wall, 
thymus, paravertebral soft tissue, liv- 
er, bladder, and prostate, have been 
reported.” There does not appear to 
be any site of predilection for extrar- 
enal malignant rhabdoid tumors. Only 
tumors of extrarenal origin have been 
reported in adults. No case of malig- 
nant rhabdoid tumor of renal origin has 
been reported in adults. The renal 
tumors are more often seen in young 
children under the age of 2 years. The 
incidence of extrarenal malignant 
rhabdoid tumors is more variable, be- 
ginning in the newborn period to the 
fifth decade of life.“"’ A bimodal distri- 
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bution has been observed, with a peak 
incidence in infancy and a smaller peak 
in late adolescence.” In some cases, 
there may be coexistence with a sepa- 
rate primary central nervous system 
tumor, particularly cerebellar medul- 
loblastoma.**"” 

Only one case of primary orbital 
malignant rhabdoid tumor has been 
reported.” The patient was a 6-week- 
old infant who presented with progres- 
sive exophthalmos since 1.5 weeks of 
age. Computed tomographic scanning 
showed a nonenhancing, intraconal 
mass that was associated with pres- 
sure erosion of the orbital bone and 
extension of the mass into the superior 
and inferior orbital fissures. The tumor 
was composed of poorly differentiated 
round cells that stained positively for 
vimentin and epithelial membrane 
antigen but negatively for cytokeratin, 
desmin, and myoglobin. 
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The most effective treatment of ma- 
lignant rhabdoid tumor is uncertain, 
with most reports combining complete 
or partial tumor resection with radio- 
therapy and chemotherapy. Despite 
this, the prognosis is uniformly poor, 
with survival often being only several 
months following the tumor discovery. 
Interestingly, unlike many tumors for 
which aggressive clinical behavior can 
be correlated with increased DNA con- 
tent, malignant rhabdoid tumor cells 
demonstrate a less aggressive diploid 
state irrespective of the clinical behav- 
ior.’ The child with the primary orbital 
rhabdoid tumor was alive without evi- 
dence of recurrence or second tumor 24 
months after the initiation of surgery, 
radiotherapy, and chemotherapy, 
which consisted of vincristine, dactino- 
mycin (Actinomycin D), and cyclophos- 
phamide alternating with vincristine, 
doxorubicin (Adriamycin), and cyclo- 
phosphamide. Our patient is alive 18 
months after surgery and orbital 
irradiation. 


This study was aided in part by an unrestricted 
grant from Research to Prevent Blindness Inc, 
New York, NY (to the University of Missouri- 
Columbia). 
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Reassembly of the Corneal Epithelial Adhesion Structures 
Following Human Epikeratoplasty 


Dimitri T. Azar, MD; Sandra J. Spurr-Michaud, MS; Ann S. Tisdale, MS; Mary Beth Moore, MD; Ilene K. Gipson, PhD 


è Ten epikeratoplasty lenticules re- 
moved after surgery were obtained for 
immunohistochemical and electron mi- 
croscopic analysis to determine the pat- 
tern of re-formation of corneal epithelial 
adhesion structures. Antibodies to la- 
minin and type VII collagen were used to 
determine the presence of basement 
membrane and anchoring fibrils, respec- 
tively. Electron micrographs were used 
to determine the percentage of basal cell 
membrane occupied by hemidesmo- 
somes, the area of basal lamina per 100 
um of basal cell membrane, and the 
average maximum depth of penetration 
of anchoring fibrils into the stroma. Nine 
normal corneas served as controls. Com- 
pared with normal corneas (24.5% of 
basal cell membrane occupied by 
hemidesmosomes; 32.0 m° basal lami- 
na per 100 um of basal cell membrane), 
lenticules removed for optical reasons 


bnormal adhesion between the cor- 

neal epithelium and the underlying 
basement membrane and stroma may 
account for ocular surface problems, 
such as recurrent erosions and persis- 
tent epithelial defects, and the lack of 
adhesion structures may lead to corne- 
al ulceration. The structures involved 
in the adhesion of the corneal epitheli- 
um to the stroma include hemidesmo- 





Accepted for publication May 30, 1991. 

From the Eye Research Institute (Drs Azar 
and Gipson and Mss Spurr-Michaud and Tisdale) 
and the Massachusetts Eye and Ear Infirmary 
(Dr Azar), Boston, Mass; the Department of 
Ophthalmology, University of Texas at Dallas (Dr 
Moore); and the Department of Ophthalmology, 
Harvard Medical School, Boston (Drs Azar and 
Gipson). 

Reprint requests to the Eye Research Insti- 
tute, 20 Staniford St, Boston, MA 02114 (Dr 
Gipson). 


Arch Ophthalmol—Vol 109, September 1991 


had near-normal hemidemosomes as 
early as 10 weeks following surgery 
(mean, 20.3%). The area of basement 
membrane was reduced (16 m° basal 
lamina per 100 um of basement cell 
membrane). During the course of 2 to 3 
years, irregularities and duplications of 
the basement membrane were noted. 
Compared with normal corneas, the two 
lenticules removed for persistent defects 
had a marked reduction of hemidesmo- 
somes and basement membrane present 
under epithelium at 3 and 4 weeks (9.6% 
of basal cell membrane occupied by 
hemidesmosomes and 13.6 m° basal 
lamina per 100 um of basal cell mem- 
brane, and 5.4% of basal cell membrane 
occupied by hemidesmosomes and 
7.2 um’ basal lamina per 100 um of basal 
cell membrane, respectively). 

(Arch Ophthalmol. 1991;109:1279-1284) 


somes, basal laminae, and the anchor- 
ing fibril network. The hemidesmo- 
some, a cell-substrate adhesion junc- 
tion present in the basal cells adjacent 
to the basal cell membrane, is involved 
in the adherence of the basal cells to 
the basal lamina.’ Bullous pemphigoid 
antisera bind the intracellular cyto- 
plasmic plaque of the hemidesmo- 
some.” The a,ß, subgroup of integrins’ 
are the integral membrane proteins 
that span the membrane between the 
cytoplasmic plaque of the hemidesmo- 
some and the extracellular structures 
associated with the hemidesmosome. 
Anchoring fibrils are extracellular ma- 
trix structures that insert into the 
basal lamina on the stromal side oppo- 
site sites where hemidesmosomes are 
present on basal cells.’ The fibrils, 


composed of type VII collagen, splay 
out among stromal collagen fibrils to 
form an extensive network that an- 
chors the basal lamina and the epitheli- 
um to the underlying connective tis- 
sue.” Wound healing studies on rabbit 
corneas have shown a synchronous re- 
appearance of hemidesmosomes, basal 
laminae, and anchoring fibrils’; a de- 
crease in the percentage of hemides- 
mosomes; and abnormal deposition 
(duplications and areas of deletion) of 
basal laminae following keratectomy." 
To date, there has been minimal docu- 
mentation of the reassembly of adhe- 
sion structures in the healing human 
cornea. 

Epikeratoplasty lenticules provide a 
means to study the re-formation of the 
adhesion structures between the epi- 
thelium and the stroma in humans. 
This is only possible in anatomically 
uncomplicated cases in which lenti- 
cules have been removed because of 
suboptimal optical results. We ob- 
tained a series of such epikeratophakia 
lenticules removed 10 weeks to 3 years 
postoperatively. We performed im- 
munohistochemical and electron micro- 
scopic studies on the basement mem- 
brane zone of the corneas at different 
time intervals to study the longitudinal 
reassembly of the corneal epithelial 
adhesion structures following reepithe- 
lialization of the denuded corneal 
wounds. For comparison, we similarly 
examined (1) unwounded human corne- 
al controls, (2) preimplant lenticules, 
and (3) epikeratoplasty lenticules re- 
moved due to persistent epithelial 
defects. 


MATERIALS AND METHODS 


Lenticules were removed surgically and 
were either fixed in half-strength Kar- 
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novsky fixative for routine transmission 
electron microscopy or frozen for immunolo- 
calization studies.’ When possible, the lenti- 
cule was divided in half so that electron 
microscopy and  immunohistochemistry 
could be performed on the same specimen. 
Electron micrographs from the central re- 
gion of lenticules were used for morphomet- 
rie determination of the percentage of basal 
cell membrane occupied by hemidesmo- 
somes (% HDs), the area of the basement 
membrane per 100 um of basal cell mem- 
: : 3 > ahs brane (BL/100 um BCM), and the average 
NES ENEE A AONNE _ — maximum depth of anchoring fibril penetra- 
tion into the stroma. Antibodies to laminin 
and type VII collagen were used to deter- 
mine the presence of basement membrane 
and anchoring fibrils, respectively. Similar 
investigations were performed on preim- 
plant lenticules. One of these lenticules had 
been prepared by lyophilization and two 
were fresh-frozen lenticules that had been 
cryolathed. 


een 


Immunolocalization of Laminin and 
Type VII Collagen 


Half lenticules were frozen in compound 
(Tissue Tek OCT, Lab Tek Products, Na- 
perville, Ill). Six-micrometer cryostat sec- 
tions were placed on gelatin-coated slides 
and air-dried overnight at 37°C. The sec- 
tions were rehydrated in phosphate-buff- 
ered saline (PBS) (pH 7.2) and then washed 
in PBS for 10 minutes. The primary anti- 
body—either sheep anti-laminin" or mouse 
anti-type VII collagen—was then applied 
for 1 hour in a moist chamber. The slides 
were rinsed in PBS followed by 10 minutes 
in PBS with 1% bovine serum albumin. The 
secondary antibody (fluorescein isothio- 
cyanate-conjugated goat anti-mouse IgG, 
Cooper Biomedical Inc, Malvern, Pa) was 
applied in a moist chamber. After a PBS 
wash, coverslips were mounted in a medium 
consisting of PBS, glycerol, and parapheny- 
lenediamine. Negative control tissue sec- 
tions (primary antibody omitted) were rou- 
tinely run with every antibody-binding 
study. 





Fig 1.—Top, Electron micrograph of fresh-frozen preimplant lenticule demonstrating remnant 
anchoring fibrils (arrows) near lenticule surface (original magnification x 31 000). Middle left, 
Phase micrograph confirms absence of epithelium and is shown for orientation of the immuno- 
localization of laminin and type VII collagen on lenticules (original magnification x 300). Middle 
right, Patchy distribution of type VII collagen is present in the lyophilized lenticule (original 
magnification x 480). Bottom left, Two of the lenticules—one fresh-frozen and one lyophyi- 
lized—showed no laminin binding (original magnification x 750). Bottom right, In another 
lenticule (fresh-frozen), some laminin is still present on the lenticule surface (original magnifica- 
tion x 750). 


Clinical and Morphometric Findings in Patients With Epikeratophakia * 


Patient Patient Donor Lenticule Reason for BL/100 um BCM, AF Depth, 
No. Age, y Age, y Preparation Duration Diagnosis Removal % HD um?/100 um um 


Epikeratophakia Lenticules Removed for Optical Reasons 























































pikeratophakia Lenticules Removed for Persistent Epithelial Defects 





1 42 36 F 10 wk Myopia Irregular astigmatism, haze 24.5 15.4 0.52 
2 25 73 F 4 mo Aphakia Overcorrected 18.7 7.3 0.45 
3 42 40 L 9 mo Myopia Undercorrected 16.4 22.3 0.49 
4 23 73 L 9.5 mo Myopia Undercorrected 19.0 Uist 0.54 
5 42 74 L 12 mo Myopia Overcorrected 15.7 13.5 0.89 
6 60 49 F 19 mo Aphakia Poor vision 24.0 19.7 
7 ite L 2y Myopia Stromal opacities 20.0 17.5 0.63 
8 81 L 3y Aphakia Dissatisfied with vision 

E 

F 

F 











9 6 47 3 wk Aphakia Epithelial defect, stromal melt 9.6 13.6 0.26 

10 d 68 4 wk Aphakia Epithelial defect 5.4 Fa 0.47 
Normal controls (n=9)t 

(mean age, 56 y; range, 21-79 y) 24.5 32.0 0.65 


* HD indicates the percentage of basal cell membrane occupied by hemidesmosomes; BL/ 100 um BCM, um?/ 100 um, the area of basal lamina per 100 um of basal 
cell membrane; F, fresh-frozen; and L, lyophilized. 
+Data were previously reported by Azar et al.° 
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Tissue Preparation for Electron 
Microscopy and Morphometric 
Measurements 


Half lenticules were fixed in 2% parafor- 
maldehyde and 2.5% glutaraldehyde in 
0.1 mmol/L (0.1 M) of cacodylate buffer (pH 
7.4) for 1 hour and then postfixed in 2% 
osmium tetroxide in 0.1 mol/L of cacodylate 
buffer (pH 7.4) for 1 hour. After en bloc 
staining with aqueous 0.5% uranyl acetate, 
the tissue was dehydrated in a graded 
acetone series followed by propylene oxide 
and then embedded in epoxy resin (Epon)- 
araldite. Thick sections (1 um) were stained 
with toluidine blue, and a suitable area 
containing columnar basal cells was chosen. 
The blocks were trimmed accordingly, thin 
sectioned, stained with 2% uranyl acetate- 
-lead citrate, and photographed with an 
electron microscope (Philips 410). The basal 
cell membrane/basal lamina of 10 micro- 
graphs of each specimen at standardized 
working magnification were analyzed as 
described previously.” Two independent 
counts were made of the corneal epithelial 
adhesion structures. An image analyzer 
(Zeiss Videoplan Image Analyzer) was uti- 
lized to perform the following measure- 
ments shown on all micrographs: total basal 
cell membrane length (A), total cross-sec- 
tional area of the basal lamina (B), length of 
the basal cell membrane occupied by he- 
midesmosomes (C), and average distance 
between the five most distal anchoring fi- 
brils and the stromal side of the basal 
lamina (D). Two standard parameters of the 
adhesion structures were calculated: the 
cross-sectional area of the basal lamina per 
100 um of basal cell membrane (B/A x 100) 
and the percentage of the basal cell mem- 
brane occupied by hemidesmosomes 
(C/A x 100). Control data were from normal 
human corneas (n= 9) that were previously 
reported (Table).” 


RESULTS 


Preimplant lenticules did not retain 
cell debris or recognizable basal lamina 
(Fig 1), but they did retain type VII 
collagen antibody binding and an an- 
choring fibril network. Lenticules that 
had been fresh-frozen and cryolathed 
had a continuous thick band of binding 
of the type VII collagen antibody. 
Binding was patchy in the lyophilized 
sample (Fig 1, middle right). Laminin 
was observed on one _ fresh-frozen 
preimplant lenticule (Fig 1). The Table 
summarizes patient information and 
corneal epithelial adhesion structure 
data. The corneal epithelium covering 
epikeratoplasty lenticules removed 
due to undercorrection or overcorrec- 
tion appeared to have normal stratifi- 
cation with five to seven cell layers. 
Cells of the basal layer were columnar. 
No abnormalities in Bowman's layer 
were noted. Electron microscopy 
showed evidence of living keratocytes 
in all lenticules as well as a lack of 
polymorphonuclear neutrophils. 
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Fig 2.—Top, Epithelial basement membrane zone of a 10-week epikeratoplasty lenticule 
demonstrates near-normal area of hemidesmosome and nearly continuous basement mem- 
brane (original magnification x 31 000). Top middle, A 6-month lenticule demonstrates discon- 
tinuities in the basement membrane; at these sites, cytoplasmic blebs extend into the stroma 
(original magnification x 31 000). Bottom middle, Duplications and discontinuities in the base- 
ment membrane at 1 year (original magnification x 31000). Laminin (bottom left, original 
magnification x 750) appears as a broad, continuous band, but type VII collagen (bottom right, 
original magnification x 750) is present in an irregularly thickened and discontinuous band. 


The 10-week lenticule—the earliest 
time point of the lenticules with no 
healing problems—had a normal per- 
centage of basal cell membrane occu- 


pied by hemidesmosomes, but less 
basement membrane per 100 pm of 
BCM (Fig 2, top; Table). Immunolo- 
calization of laminin and type VII colla- 
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gen showed a linear or band pattern 
with some breaks and irregularities at 
10 weeks. Similar localization patterns 
were noted up to 1 year, when some 
masses of type VII collagen were ob- 
served (Fig 2, bottom right). Discon- 
tinuities and small foci of reduplica- 
tions of the basement membrane were 
noted at all time points examined (Figs 
2 and 3). In the 3-year specimen, depo- 
sition of new collagen was present 
between the epithelium and Bowman's 
membrane of the lenticule, and a thick 
band of type VII collagen was seen 
(Fig 3). 

The Table presents the morphomet- 
ric measurements of the reassembled 
adhesion structures for each epikerato- 
plasty and the mean values of the nine 
normal controls. Compared with nor- 
mal human corneas, lenticules re- 
moved for optical reasons had reduced 
hemidesmosomes (20.3%), reduced 
area of basement membrane (16 jzm° 
BL/100 um BCM), and reduced an- 
choring fibril penetration (0.50 um). 

Examination of the lenticules re- 
moved at 3 and 4 weeks because of 
persistent epithelial defect (Fig 4) 
showed a dramatic reduction of the 
percentage of basal cell membrane oc- 
cupied by hemidesmosomes and of the 
basement membrane area (Table). Re- 
gions lacking basement membrane 
were present in the lenticule that had 
stromal melting and also in the lenti- 
cule that showed only the persistent 
epithelial defect. Immunolocalization 
studies showed lack of laminin and 
type VII collagen in the areas of the 
epithelial defect in both specimens. 
Peripheral to the defect, laminin and 
type VII collagen were present; there 
were, however, discontinuities in the 
binding, indicating regions of degrada- 
tion (Fig 4). Polymorphonuclear neu- 
trophils were present in both 
lenticules. 


COMMENT 


In this study, to determine the pat- 
tern of reassembly of corneal epithelial 
adhesion structures following wound 
closure in humans, we show that by 10 
weeks after epikeratoplasty, the reas- 
sembly is virtually complete in terms 
of hemidesmosome numbers and the 
presence of a mostly continuous basal 
lamina. The first time point at which 
we examined the lenticules that healed 
without complication was 10 weeks; it 
is possible that the resynthesis of the 
adhesion structures may have been at 
this stage of completion before this 
time. Our data suggest that the time 
required for the resynthesis and as- 
sembly of hemidesmosomes in humans 
appears to be similar to that found for 
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Fig 3.—Top, Electron micrograph of a 3-year lenticule showing deposition of new collagen 
above Bowman's layer (original magnification x 31 000). Middle, Some duplication of base- 
ment membrane is also evident (arrows) (original magnification x 31000). Bottom, Type VII 
collagen is present as a very thick band (original magnification x 300). 


rabbits.“" During the course of 2 to 
3 years following wound healing after 
epikeratoplasty, the basement mem- 
brane zone characteristics remained 
slightly abnormal: there were areas of 
duplication and discontinuities in the 
basement membrane, and abnormal 
cytoplasmic blebs extended into the 
stroma. These abnormalities were also 
present in rabbit corneas 1 year after 


keratectomy.” These slight irregular- 
ities apparently do not affect epithelial 
adhesion, as neither recurrent erosion 
nor epithelial defects were noted in the 
patients. 

The amount of basement membrane 
present on the lenticules in our study 
never reached control values. This 
may be due to the well-documented 
gradual accrual of basement mem- 
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Fig 4.— Top, Electron micrograph of a remnant cell at the defect site in a lenticule with persistent 
epithelial defect (original magnification x 31 000). Note the absence of a basement membrane 
and the presence of a few remaining hemidesmosomes with associated anchoring fibrils 
(arrows). Top inset, Light micrograph demonstrating sparsity of cells in the area of the defect 
and two inflammatory cells directly below Bowman's layer (original magnification x 480). 
Middle left, Laminin localization is lost in the central area of the epithelial defect (original 
magnification x 750). Middle right, Laminin localization is present peripheral to the defect 
(original magnification x 750). Bottom left, Type VII collagen in the area of the defect is lost at 
the basement membrane zone (large arrow). Inflammatory cells nonspecifically bind the 
secondary antibodies (small double arrows) (original magnification x 300). Bottom right, Type 
VII collagen is immunolocalized peripheral to the defect, but antibody binding is lost in some 


areas (original magnification x 300). 


brane with increasing age”; thus, one 
would not expect control values even 
2 to 3 years after healing of a lenticule 
that has been denuded of basement 
membrane. 

It is not known whether a healing 
epithelium can reuse the components 
of the remnant anchoring fibril net- 
work present in the anterior portion of 
the lenticule. One would assume that if 
the remnant type VII collagen were 
chemically unaltered, newly synthe- 
sized type VII collagen secreted by the 
epithelium would be able to associate 
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with remnant type VII collagen to 
form the cross-banded anchoring fi- 
brils. It is known that epithelium can 
use denuded basement membrane to 
form new hemidesmosomes.' 

Epithelial healing problems necessi- 
tated removal of the graft in the two 
“pathologic” corneas we examined. 
Epithelial wound closure was incom- 
plete. This was associated with persis- 
tent epithelial defects in both patients 
and stromal melting of the lenticule in 
one patient (Table). We found that the 
basement membrane component la- 
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minin and the anchoring fibril network 
were lost in the region of the defects. 
This finding is similar to that seen in a 
thermal burn model of sterile ulcer- 
ation. Rabbits in early stages of ulcer- 
ation lost binding of type VII collagen 
and laminin antibodies. This could be 
correlated with secretion of activated 
92-kD gelatinase by the corneal epithe- 
lium.” Perhaps the presence of base- 
ment membrane modulates or controls 
protease expression by the corneal 
epithelium. 

The cause of epithelial defects in 
epikeratoplasty is unknown. The mor- 
phologic characteristics of epithelium 
resurfacing lenticules have been found 
to be abnormal. ™® The time required 
for complete resurfacing has been re- 
ported as being up to 25 days.” In 
addition, lyophilization may delay 
epithelialization. We found no correla- 
tion between the method of prepara- 
tion of lenticules and reassembly of 
adhesion structures. According to Wil- 
son and Keeney,” the incidence of 
graft removal after epikeratoplasty 
ranges between 4% and 10%. The two 
most common causes for graft removal 
are delayed re-epithelialization and 
poor visual acuity." 

Deposition of collagen fibers by the 
corneal epithelium 3 years after epi- 
keratoplasty is an interesting phenom- 
enon. In the 3-year specimen, an intact 
Bowman's layer separated the newly 
deposited collagen from the newly in- 
vaded keratocytes, suggesting that the 
deposition is of epithelial origin. This 
may have relevance in other keratore- 
fractive procedures, such as myopic 
regression,” which has been corre- 
lated with altered epithelial deposition 
in the epikeratoplasty lenticule bed. 

In a study of two primate corneas 22 
and 25 months after epikeratoplasty, 
Yamaguchi et al” noted keratocyte mi- 
gration into the lenticule associated 
with basement membrane-like materi- 
al and entrapped collagen fibrils as 
well as amorphous matrix filling the 
interface between the lenticule and the 
recipient Bowman’s layer. Similar ob- 
servations were noted by Pokorny et 
al.“ We observed abnormal collagen 
deposition in a different region, name- 
ly, between the epithelium and Bow- 
man’s layer of the lenticule (Fig 3). 

Alterations of the corneal epithelium 
have been noted by specular microsco- 
py after epikeratophakia.“ Rao et al” 
found cell attenuation, irregular shape, 
decreased density, sluggish reparative 
processes in the epithelium, and poor 
interdigitation between adjacent cells. 
The epithelial cells appeared normal in 
our study and did not exhibit such 
changes histologically. 
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Other light and electron microscopic 
alterations have been observed in two 
epikeratoplasty tissue lenses.” These 
studies have shown that the areas that 
correspond to stromal corneal folds 
contain epithelial vacuolations, de- 
creased hemidesmosomes, and thick- 
ened basement membrane. A correla- 
tion between the clinical observation of 
folds in the anterior lenticule stroma 
and the above histologic findings was 
noted. We also observed vacuolations 
of the epithelial cells and decreased 
hemidesmosomes but could not corre- 
late these findings with stromal folds. 

In an assessment of the relevance of 
the data obtained from this study 
(where the epithelium is migrating 
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over the lenticule) to normal wound 
healing, considerations of stromal and 
basement membrane damage following 
tissue processing for epikeratophakia 
lenticules must be kept in mind. Vari- 
ous methods of preparation may lead 
to differences in support in epithelial 
attachment and growth. Epithelial 
support is reportedly reduced after 
lenticule lyophilization and cryolath- 
ing.” 

In summary, our data from epikera- 
toplasty lenticules removed for optical 
reasons suggests that as early as 10 
weeks, the re-formation of hemidesmo- 
somes and basement membrane is near 
normal. Longitudinal analysis of the 
corneal epithelial adhesion structures 
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Antioxidant Enzymes in the 
Aging Human Retinal Pigment Epithelium 


Mark R. Liles; David A. Newsome, MD; Peter D. Oliver, PhD 


è The antioxidant enzymes catalase 
and superoxide dismutase have integral 
roles in controlling reactive oxygen radi- 
cals that can harm cells. In the present 
study, we quantitated catalase activity in 
retinal pigment epithelium, retina, iris, 
and vitreous from human donors. To our 
knowledge, our results represent the first 
quantitation of catalase activity in human 
retinal pigment epithelium and show six- 
fold greater catalase activity in retinal 
pigment epithelium than in other ocular 
tissues analyzed (P<.0001). To investi- 
gate whether aging or macular degenera- 
tion affects retinal pigment epithelium 
catalase or superoxide dismutase activi- 
ties, we measured enzyme levels in reti- 
nal pigment epithelium from donors 50 to 
90 years of age with and without evi- 
dence of macular degeneration. Super- 
oxide dismutase activity showed no sig- 
nificant correlations with aging or 
macular degeneration, while catalase ac- 
tivity decreased with age (P<.02) and 
macular degeneration (P<.05) in both 
macular and peripheral retinal pigment 
epithelium. 

(Arch Ophthalmol. 1991;109:1285-1288) 


Tre functional integrity of the retina 

depends on the maintenance activi- 
ties of the retinal pigment epithelium 
(RPE).’ The RPE cells ingest and de- 
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grade numerous rod outer segments 
(ROS) every day, a process that re- 
news the photoreceptors.” However, 
phagocytosis initiates the production 
of superoxide anions (O, ),’ a reactive 
form of oxygen that can cause cellular 
damage directly or by conversion to 
the more reactive and damaging hy- 
droxyl radical (OH-)**: 


20, +2H*-H,0,+0, 
Fe?*+H,0,—7Fe**+-OH+0H. 


Oxygen radical exposure to the RPE 
can also result from photic reactions’”” 
and from high Po, values due to the 
diffusion of oxygen through the RPE 
cell layer from the adjacent choroidal 
circulation.""” Thus, the unique func- 
tions and location of the RPE cause its 
environment to be inundated with oxy- 
gen radicals that cause cellular 
damage. 

The manifestations of aging and 
macular degeneration (MD) in the 
RPE include the deposition of drusen, 
neovascularization, the thickening of 
Bruch’s membrane, and the accumula- 
tion of the aging pigment, lipofus- 
cin." Oxygen radical damage may 
accelerate these age-related 
changes. ”® For example, lipofuscin is 
thought to consist partially of lipids 
from ingested ROS that have been 
oxidatively modified into a nondegrad- 
able form.” To our knowledge, a 
functional role for superoxide during 
RPE phagocytosis is unknown, but 
superoxide (or the action of hydroxyl 
radicals) can inhibit the lysosomal en- 
zymes that normally degrade ROS.” 
The accumulation of lipofuscin would 
probably accelerate as a result of in- 
complete lipid degradation and in- 
creased lipid peroxidation.*” Dorey 
and colleagues” have documented a 


or 


positive correlation between lipofuscin 
accumulation and photoreceptor loss in 
the human macula. 

Antioxidant enzymes have the vital 
role of protecting the RPE from oxy- 
gen radical damage.’ The two species 
of superoxide dismutase (SOD) (cop- 
per-zinc and manganous) dismutate 
superoxide anions, forming hydrogen 
peroxide (H,O,) as a product.” As pre- 
viously mentioned, H,O, can give rise 
to reactive hydroxyl radicals; thus, 
SOD acts in concert with two other 
enzymes, catalase and glutathione per- 
oxidase, both of which convert H,O, to 
the nontoxic products water and mo- 
lecular oxygen. The combined action of 
these three enzymes forms one meta- 
bolic pathway for protection against 
oxidative assault.” 

The activity of catalase is closely 
linked to the mechanisms of ROS deg- 
radation. Catalase is localized within 
the peroxisomes of the RPE,” and, 
after the fusion of the peroxisome with 
the phagosome, catalase is also present 
within secondary lysosomes, which 
contain ROS in varying stages of deg- 
radation.” Phagocytosis of ROS has 
been reported to cause a mobilization 
of peroxisomes in vivo (frog) and to 
increase catalase activity in cultured 
human RPE cells.” The most impor- 
tant role of catalase activity in the 
RPE may be the prevention of lipid 
peroxidation and lysosomal enzyme in- 
hibition by removing H,O, from the 
phagosome. 

Catalase activity has not been quan- 
titated previously in human RPE cells. 
In the present study, we compared 
catalase activity in the RPE with that 
of the retina, iris, and vitreous humor. 
We examined SOD and catalase activi- 
ties in human RPE (macular and pe- 
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Fig 1.—Photomicrograph of the posterior 
pole of an eye from a 79-year-old patient with 
known macular degeneration. The retina has 
been partially removed (arrowheads indicate 
cut edge) to reveal the drusen (arrows) in the 
central macular region. ON indicates optic 
nerve (original magnification x 13). 


ripheral) from donors with and without 
evidence of MD who ranged in age 
from 50 to 90 years. 


MATERIALS AND METHODS 
Tissue 


Human donor eyes were obtained from 
the National Disease Research Interchange 
(Philadelphia, Pa) within 24 hours of death. 
The chorioretinal appearance was assessed 
using a stereoscopic dissecting microscope 
at low magnification (x10). Eyes with dru- 
sen and pigment changes (Fig 1) in the 
macular region of the RPE were said to 
have MD. Eyes free of macular drusen and 
with a normal-appearing fundus and no 
known history of ocular disease were classi- 
fied as normal. Each sample was given an 
identification number, and the investigator 
performing the enzyme determinations was 
masked as to the characteristics of each 
sample. 


RPE Isolation 


After removal of the corneas, lenses, 
vitreous, and retinas, the RPE cells were 
isolated by scraping with a small spatula 
(Moria, Paris, France). Macular and periph- 
eral RPE were isolated separately, with 
anatomical distinctions as follows. 

1. By our definition, the macular region 
was defined as all RPE cells within a circu- 
lar area having a radius from the fovea to 
the optic nerve, an area including both the 
macula and the surrounding perimacular 
RPE. Inclusion of perimacular RPE was 
necessary to acquire sufficient protein for 
enzyme determinations, particularly in 
cases of MD. 


2. The peripheral region was defined as 
the RPE within the anterior third of the 
globe. The RPE (macular and peripheral), 
retina, iris, and vitreous samples were 
placed in separate polypropylene tubes in a 
40-mmol/L TRIS hydrochloride buffer (pH 
7.8) with 0.2 mmol/L of pentetic acid (dieth- 
ylenetriamine-pentaacetic acid), and were 
stored at —20°C for no more than 7 days. 


Preparation of Intracellular Protein 


All chemicals were obtained from Sigma 
Chemical Co, St Louis, Mo, unless other- 
wise specified. Tissue samples were soni- 
cated (VirSonic 50, Virtis Co Ine, Gardiner, 
NY) at 30% power for 30 seconds in 100 pL 
of ice-cold 40 mmol/L TRIS hydrochloride 
buffer (pH 7.8) with 0.2 mmol/L of pentetic 
acid. The tissue sonicates were subjected to 
centrifugation (Eppendorf Centrifuge 5415, 
Brinkmann Instruments Co, Westbury, 
NY) at 13000 rpm for 10 minutes and the 
supernatants containing soluble cellular 
proteins were collected and stored in ali- 
quots of 20 uL at — 80°C. Protein content of 
the supernatants was determined using a 
microassay (Bio-Rad, Richmond, Calif) 
with bovine serum albumin (BSA) as a 
standard. 


Assay for Catalase Activity 


Catalase activity (EC 1.11.1.6) was mea- 
sured by the method of Cohen and col- 
leagues” with some modifications. This 
method depends on the first-order decom- 
position of H,O, by catalase and the subse- 
quent measurement of residual H,O,. The 
decomposition of H,O, by catalase in our 
samples was stopped at exactly 3.0 minutes 
after the initiation of the reaction for each 
sample by the addition of concentrated sul- 
furic acid. The concentration of residual 
H,O, was established by subsequent reac- 
tion with an excess of potassium permanga- 
nate and by measurement of potassium 
permanganate concentration at 480 nm on a 
spectrophotometer (DU-64, Beckman In- 
struments, Norcross, Ga). To reduce the 
quantity of cellular protein needed for cata- 
lase determination, all volumes were re- 
duced by a factor of 25 from Cohen's 
procedure. 

Samples at a concentration of 25 pg cellu- 
lar protein per milliliter were analyzed in 
duplicate, with heat-inactivated catalase 
samples (100°C, 5 minutes) as controls. 
Serial dilutions of purified catalase of 
known activity were used to generate a 
standard curve of catalase activity (data not 
shown). One unit of catalase activity decom- 
poses 1.0 mol of H,O, per minute (pH 7.0, 
25°C). Catalase activity in experimental 
samples was based on this standard curve 
and expressed in units per milligram of 
protein. As a reference point, we used this 
method to determine catalase activity in 
human erythrocytes and found 163+7.5 
U/mg of protein. 


Assay for SOD Activity 


Superoxide dismutase (EC 1.15.1.1) ac- 
tivity was determined using the procedure 
of Bensinger and Johnson,” with lumines- 
cence quantitated via the photon monitor of 
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Catalase Activity, 


Tissue Type (n) U/mg of Protein 


Retinal pigment 
epithelium (7) 

Iris (7) 

Retina (7) 

Vitreous (7) 

Erythrocytes (3) 


82.63 + 5.93 
13.83 + 0.69 
11.42 + 0,93 

1.11 + 0.45 
162.5 + 7.45 


a liquid scintillation counter (LS5000TD, 
Beckman Instruments). This procedure de- 
pends on the ability of SOD to inhibit 
superoxide luminol-generated chemilumi- 
nescence. Superoxide radicals were gener- 
ated by the enzymatic reaction of xanthine 
oxidase (1.610 * U/mL) acting on 1.0 
mmol/L of hypoxanthine. To initiate the 
production of chemiluminescence, xanthine 
oxidase was added to a solution of 0.1 
mmol/L of luminol in 20 mmol/L of TRIS 
hydrochloride buffer (pH 7.8) containing 
0.1 mmol/L of pentetic acid and 1 mg/mL of 
bovine serum albumin. Purified SOD or 
cellular proteins were added to the solution, 
and the reduction of measured photon emis- 
sion was expressed as percent inhibition of 
luminol chemiluminescence. One unit of 
SOD activity was defined as the quantity of 
cellular protein or purified enzyme produc- 
ing 50% inhibition of photon emission. 


Statistical Analysis 


Statistical analyses were performed us- 
ing a correlation analysis on the SAS pro- 
gram (SAS Institute Inc, Cary, NC). Data 
on enzyme activity correlated with the de- 
cade of donor age were analyzed using a 
paired Student's ¢ test on the SAS program. 


RESULTS 


Analysis of the catalase activity of 
peripheral RPE, retina, iris, and vitre- 
ous from seven nondiseased subjects 
revealed that the peripheral RPE had 
six times more catalase activity than 
any other ocular tissue analyzed (Ta- 
ble). There were statistically signifi- 
cant differences between the levels of 
catalase activity in the RPE and in the 
iris, retina, and vitreous (P<.0001 for 
all comparisons). 

There was a consistent decrease by 
decade in the catalase activity of both 
macular and peripheral RPE (Fig 2). 
From the 50- to 60-year age group to 
the 80- to 90-year age group, there was 
a 57% decrease in macular RPE 
(P<.05) and a 38% decrease in periph- 
eral RPE (P<.02). This represents a 
1.5-fold greater decrease in macular 
RPE catalase activity than in periph- 
eral RPE. 

Catalase activity in macular and pe- 
ripheral RPE was plotted against the 
age of each subject (Fig 3). Curves 
were generated using a linear regres- 
sion analysis, representing average 
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Fig 2.—Catalase activity in macular (shaded 
bars) and peripheral (hatched bars) retinal 
pigment epithelium (RPE) correlated with do- 
nor age grouped by decade. 


values of normal and diseased eyes. 
Note that all of the eyes with MD fell 
below this normal curve. The slope of 
the normal curve is steeper for macu- 
lar (—0.42) than for peripheral RPE 
(—0.18), but our data do not indicate a 
statistically significant difference in 
the rate of decrease depending on ana- 
tomical location. 

The difference in catalase activity 
between diseased and _ nondiseased 
RPE is depicted in Fig 4. A 32% 
reduction in catalase activity was ob- 
served in both macular and peripheral 
RPE cells from subjects with MD rela- 
tive to normal donor subjects (macu- 
lar, P<.05; peripheral, P<.005). 

Cellular proteins from the same do- 
nors analyzed for catalase activity 
were used for analysis of SOD activity. 
No statistically significant differences 
in SOD activity were correlated with 
disease status in macular or peripheral 
RPE (Fig 5). Neither was there a 
correlation between SOD levels and 
the age of individual donors (data not 
shown). 


COMMENT 


To our knowledge, this study repre- 
sents the first quantitative analysis of 
catalase activity in human RPE cells. 
The high levels of catalase activity 
observed in the RPE relative to the 
retina, iris, and vitreous suggest that 
catalase is an important component of 
the RPE antioxidant system (Table). 
This observation coincides with re- 
ports of substantial immunoreactive 
catalase activity in rat and bovine 
RPE.” 

In this study, we found no statisti- 
cally significant differences in total 
SOD activity with respect to aging 
between the sixth and ninth decades, 
MD, or anatomical location. However, 
we did not distinguish between the 
copper-zinec and manganous forms of 
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Fig 3.—Correlation of catalase activity in macular (left) and peripheral (right) retinal pigment 
epithelium (RPE) with donor age. The lines represent the linear regression analysis of normal 
(solid lines) and diseased (dotted lines) subjects. Ten of the subjects were normal (circles); 14 
had disease (triangles): six, macular degeneration and eight, peripheral disease. 
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Fig 4.—Catalase activity in macular (shaded 
bars) and peripheral (hatched bars) retinal 
pigment epithelium (RPE) demonstrating a 
decrease in activity correlated with disease 
status. 


SOD owing to a restriction on the 
quantity of protein available for en- 
zyme determinations. The degree of 
variation among individual donors was 
much greater for SOD activity than for 
catalase activity (compare Figs 4 and 
5). It may be significant that when 
RPE cells are cultured there is much 
less variation among donors in SOD 
activities, probably because cell cul- 
ture conditions represent a more uni- 
form environment (unpublished obser- 
vations). This suggests that the 
observed variation in SOD activities 
was primarily a function of individual 
differences and not a technical problem 
with the method for SOD 
determination. 

Oxidative damage to ocular tissues 
from H,O, has been shown to be re- 
duced by catalase activity. Bhuyan and 
Bhuyan” induced cataracts in the rab- 
bit by inhibiting catalase activity with 
3-aminotriazole, which resulted in a 
twofold to threefold increase in H,O, in 
the aqueous and vitreous humor rela- 
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Fig 5.— Superoxide dismutase (SOD) activity 
in macular (shaded bars) and peripheral 
(hatched bars) retinal pigment epithelium 
(RPE) divided on the basis of disease status. 


tive to controls. In another study using 
rabbits, the effects of treatment with 
3-aminotriazole followed by exposure 
to H,O, produced pathological effects 
that were most pronounced in older 
animals.” Furthermore, this greater 
susceptibility to H,O,-induced damage 
in older animals was correlated with an 
age-related reduction in catalase activ- 
ity in the iris and corneal endothelial 
cells (50% and 35%, respectively). 

The decrease in catalase activity ob- 
served in RPE cells from the sixth to 
the ninth decades of human life is 
likely influenced by various factors. An 
age-related decrease in quantitated 
catalase activity could result from a 
decrease in expression of catalase gene 
products,” formation of inactive cata- 
lase complexes,” or deficiencies in es- 
sential metal cations (eg, iron, zinc, 
and copper). ™” The observed decrease 
in catalase activity may also be indica- 
tive of a decrease in the phagocytosis 
and/or degradation of ROS in the aging 
human RPE. 
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Our data demonstrate an age-relat- 
ed decrease in catalase activity. This 
decrease appears more pronounced in 
eyes with MD and occurs within the 
same time frame as other age-related 
changes in the RPE, such as the accu- 
mulation of lipofuscin. Further studies 
are necessary to ascertain the signifi- 
cance of catalase in RPE function and 
to determine whether the age-related 
reduction of its antioxidant activity 
contributes to the clinical manifesta- 
tions of MD. 
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Fungal Endophthalmitis 


An Experimental Study With a Review of 17 Human Ocular Cases 


Thomas W. McGuire, MD; John D. Bullock, MD; J. David Bullock, Jr; B. Laurel Elder, PhD; James W. Funkhouser, MD 


e Pseudallescheria boydii is an oppor- 
tunistic fungus that is histologically in- 
distinguishable from Aspergillus fumiga- 
tus. Pseudallescheria boydii has been 
reported to cause endophthalmitis, orbit- 
al cellulitis, and corneal ulceration and 
is, thus, important to the ophthalmolo- 
gist. A clinical review of 17 patients with 
P boydii ophthalmic infections is pre- 
sented. In addition, animal models of 
endophthalmitides caused by A fumiga- 
tus and P boydii were created and com- 
pared. Dutch-Belted rabbits used for the 
experimental models were immunosup- 
pressed with methylprednisolone acetate 
(Depomedrol). Exogenous and endoge- 
nous models of P boydii endophthalmitis 
were created in immunocompetent and 
immunosuppressed animals. An exoge- 
nous model of A fumigatus endophthal- 
mitis was created in immunocompetent 
and immunosuppressed animals for 
comparison. The clinical and histopatho- 
logic features of A fumigatus and P boy- 
dii endophthalmitis are indistinguishable 
in the immunocompetent and immuno- 
suppressed exogenously infected rab- 
bits. Endogenous P boydii endophthal- 
mitis has a similar fundus appearance to 
that caused by Nocardia asteroides. 

(Arch Ophthalmol. 1991;109:1289- 
1296) 


seudallescheria boydii (perfect 
[sexual] state) is a ubiquitous, op- 
portunistic fungus with a low inherent 
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virulence. In its asexual (imperfect) 
state it is known as Scedosporium 
apiospermum. It is found worldwide in 
soil, manure, and multiple water 
sources, including creeks contaminated 
with sewage, standing water, and tide- 
washed coastal areas.’ In tissue this 
organism is morphologically indistin- 
guishable from the more commonly 
occurring fungus, Aspergillus fumiga- 
tus. The thin septate hyphae of 
A fumigatus and P boydii often exhibit 
dichotomous branching. In tissue sec- 
tion, these two organisms demonstrate 
the identical pathologic tissue reac- 
tions of suppuration and vascular inva- 
sion with infarction, hemorrhage, isch- 
emia, and necrosis. The spectrum of 
disease produced by P boydii is wide 
and encompasses virtually the entire 
range of human illness caused by the 
Aspergillus species, thus earning 
P boydii the designation “the great 
imitator.” Both fungi exhibit rapid 
growth on Sabouraud’s agar at an opti- 
mal temperature range of 30°C to 
37°C. In culture, P boydii has a vel- 
vety white to smoky gray appearance 
while A fumigatus is usually green. 

Pseudallescheria boydii organisms 
cause mycetoma (also known as Madu- 
ra foot); infection results from the 
traumatic implantation of the fungus 
into subcutaneous tissues. Dissemi- 
nated infections occur almost exclu- 
sively in immunosuppressed hosts, 
with the lungs being the site of entry 
in most cases. Pseudallescheria boydii 
has been reported to cause endophthal- 
mitis, orbital cellulitis, and corneal ul- 
ceration and, thus, is important to the 
ophthalmologist.’ 

Human ophthalmic involvement 
from P boydii can occur exogenously 


and endogenously. In the exogenous 
form, ocular pseudallescheriasis devel- 
ops as a result of a superficial infec- 
tion, traumatic implantation of the or- 
ganism, or following intraocular 
surgery. Endogenous ocular pseud- 
allescheriasis occurs when the organ- 
isms are spread to the eye hematogen- 
ously. Most of the reported cases have 
occurred with the exogenous form of 
the disease (11 of the 17 cases). Table 1 
is a summary of the clinical and histo- 
pathologic findings in these previously 
reported cases. 

A misconception exists that the 
unique diagnosis of aspergillosis can be 
made either “visualizing dichotomously 
branching septate hyphae in biopsy 
specimens or on the basis of a consis- 
tent clinical presentation. ”™ Because it 
is more common, aspergillosis is gener- 
ally the presumptive diagnosis prior to 
cultural identification of the organ- 
ism.”™” Since P boydii and A fumiga- 
tus may be sensitive to different anti- 
fungal agents (miconazole, the 
reported drug of choice for P boydii 
infections, or ketoconazole and ampho- 
tericin B, respectively), the distinction 
is an important one and, thus, supports 
the necessity of a precise diagnosis by 
culture. *” 

The purpose of this study was to 
compare animal models of endophthal- 
mitides caused by A fumigatus and 
P boydii. Exogenous and endogenous 
experimental models of P boydii en- 
dophthalmitis were created in immu- 
nocompetent and immunosuppressed 
rabbits. The clinical and histopatholog- 
ic features of the model are compared 
and contrasted with an exogenous 
rabbit model of A fumigatus 
endophthalmitis. 
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Table 1.—Summary of the Clinical and Histopathologic Features of Previously Reported Cases of 
Patients With Pseudallescheria boydii Ocular Infections * 


Patient 
No. Age, 
y/Sex 


1/4/M 


Predis- 

posing 
Factor(s) 

Penetrating 

injury (from 
an oil can 
spout) to 
the orbit 
and frontal 
lobe 


Involved 
Source Eye 
Anderson 


et al? 


2/41/M Traumatic im- 
plantation 
of a wood 
Particle 

Burn, second- 
ary to mol- 
ten alumi- 
num 


Bakerspigel* 


Elliot et al 3/26/M 


Ernest and 4/43/M 


Rippon® 


Cataract sur- 
gery and 
diabetes 
mellitus 


Glassman 5/49/F 


et al’ 


Traumatic im- 
plantation 
of a fish 
scale in the 
eye 


6/27/M 


Levitt and Unknown for- 


Goldstein? 


7/40/M 


the cornea 


8/32/F Systemic lu- 
pus erythe- 
matosus; 


prednisone, 


azathioprine 


therapy 





9/15/F 
with aspira- 
tion pneu- 
monia 


eign body in 


Near drowning 


Clinical 
Ocular 
Finding(s) 


L upper eyelid 
laceration with 
edema and 
purulent drain- 
age; visual 
acuity could 
not be deter- 
mined 


Source of 
Positive 
Culture 

Orbital 
abscess 


Ocular 
Symptom(s) 
Eye pain 





Corneal ulcer 


Pain and 
de- 
creased 
vision 


Early: corneal Conjunctiva 
infiltrates and 
edema 
Late: necrosis at 
the corneo- 
scleral junc- 


tion 


Pain and 
redness 


Hypopyon and 
corneal ulcer 


Anterior 
chamber 


Pain and 
de- 
creased 
vision 


Conjunctival hy- 
peremia; pus 
and tiny white 
spherules in 
anterior cham- 
ber; choroidal 
detachment 


Aqueous flare in 
the anterior 
chamber; cor- 
neal ulcer 


Pain, photo- 
phobia, 
lacrima- 
tion, and 
loss of 
vision 

Pain and 
discom- 
fort 


Anterior 
chamber 


Initially, a crater- 
like corneal 
ulcer; hypo- 
pyon at 5 wk, 
with perfora- 
tion of the 
cornea 


Conjunctival 
edema; 4-mm 
proptosis; de- 
creased visual 
acuity; ante- 
rior chamber 
pus; chorioret- 
inal abscesses 

Bilateral retinal 
depigmenta- 
tion with vitritis 


Vitreous 
humor 


Pain and 
decreased 
vision 


Vitreous 
humor 


None 





Paulter 10/39/M 


et al’? 


MATERIALS AND METHODS 


Pseudallescheria boydii and A fumigatus 
were obtained on Sabouraud’s dextrose 
agar (Compunet Clinical Laboratories, 
Dayton, Ohio). The culture was transferred 


Corneal 
ulcer 


Corneal 
ulcer with 
hypopyon 


Eye and jaw 
pain and 
tearing 


to fresh Sabouraud’s agar and grown for 96 
hours at room temperature. The fungi were 
transferred from the agar plate and sus- 
pended in sterile saline, which was diluted 
to 10° spores per milliliter. Quantitation of 
the spore count was based on a turbidity 
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Treatment 


Day 16, IV am- 


photericin B; 
day 21, supe- 
rior orbit dé- 
bridement; day 
22, IV micona- 
zole 


“Eye solution,” 


then eviscera- 
tion 


Histo- 
pathologic 
Feature(s) 

Mycelia and oil 
droplets in brain 
and orbital ab- 
scesses 


Cornea with sep- 
tated hyphae in 
the stroma 


Outcome 
1 y later the 
visual acu- 
ity was 
20/30 OS 


Evisceration 





Amphotericin B, 


then enucle- 
ation 


Nystatin and am- 


photericin B; 
keratoplasty for 
a descemet- 
ocele 


Day 1, topical and 


oral steroids 
and antibiotics; 
day 17, ampho- 
tericin B 


Fungal hyphae 
and inflamma- 
tory cells in the 
corneal stroma, 
Descemet's 
membrane, and 
anterior cham- 
ber 

Conidiophores 
with ovoid 
conidia in the 
corneal ulcer 


Enucleation 


Healed, 
scarred 
cornea 


Visual acuity 
of 20/30 
8 mo after 
cataract 
surgery 





Day 1, antibiotics 


and hydro- 
cortisone; day 
6, nystatin; day 
11, amphoteri- 
cin, B 


Day 1, dexa- 


methasone and 
antibiotics; 
week 9, nysta- 
tin and ampho- 
tericin B 


Day 1, prednisone 


drops; day 3, 
amphotericin B 
and antibiotics; 
day 8, micona- 
zole; day 16, 
enucleation 


Day 9, amphoteri- 


cin B and topi- 
cal antibiotic; 

day 14, vitrec- 
tomy; day 19, 
miconazole 


Day 1, steroids 


and multiple 
antibiotics; day 
12, enucleation 


Fungal hyphae 
and spores 
from corneal 
scrapings 


Aqueous smear 
showed ‘‘sapro- 
phytic fungi” 


Chronic inflamma- 
tion, and 
branching hy- 
phae in vitreous 


No autopsy eye 
report; dissemi- 
nated P boydii 
in liver, lung, 
brain, kidney, 
and subcutane- 
ous tissue 


Anterior chamber 
exudate (inflam- 
matory cells 
and septated 
fungal hyphae, 
with conidia) 


Healed cornea 
with 
20/200 
visual acu- 
ity 


Sclerotomy, 
iridectomy, 
lensectomy, 
and syn- 
echiectomy 


Uneventful 
recovery 
after enu- 
cleation 


Uneventful 
recovery 
after enu- 
cleation 





comparison to a predetermined standard 
that was previously verified using a 
hemocytometer. 

Male and female Dutch-Belted rabbits 
(Lepus europaeus), aged 2 to 3 months and 
weighing from 1 to 2 kg, were kept in an 
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Predis- 





Patient 








Table 1.—Summary of the Clinical and Histopathologic Features of Previously Reported Cases of _ 
i -~ Patients With Pseudallescheria boydii Ocular Infections * (cont) 








Clinical Source of 








Histo- 



























































































































"IV indicates intravenous. 


approved animal facility with food and wa- 
ter ad libitum. Rabbits were used in this 
study because of the relatively large size of 
the eyes and carotid arteries and because 
standard human ophthalmoscopes and reti- 
nal cameras could be used to observe and 
photograph the retinas. Dutch-Belted rab- 
bits were selected because the ocular ap- 
pearance is similar to the human eye. 
Preexperimental ocular examinations 
showed all rabbits to have clear media and 
normal fundi. Three days prior to the injec- 
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No. Age, Involved posing Ocular Ocular Positive pathologic 
Source y/Sex Eye Factor(s) Symptom(s) Finding(s) Culture Treatment Feature(s) Outcome 
Smith"? 11/45/M L None Pain Hypopyon, Vitreous Vitrectomy with Fungi in outer lay- Death second- 
retinitis, humor intravitreal am- ers of the retina ary to sys- 
and vitritis photericin B; temic pseu- 
intravitreal and dallescheri- 
IV miconazole; asis 
fluconazole; 
enucleation 
Nunnery 12/10/M R Penetrating None Cicatricial ectro- Fistulous Multiple systemic Hyphae in orbital Complete re- 
et al" injury (stick) pion with scar- tract and topical anti- tissues covery, 
to lower lid ring to the infe- purulent biotics; surgical without 
rior orbital rim; drainage, débridement; complica- 
fistulous tract and from miconazole af- tions 
with purulent surgical ter positive cul- 
drainage below specimen tures 
lateral lid 
margin 
Caya 13/49/M_ Both Immunosup- Pain and R: visual acuity: Vitreous Bilateral vitrec- Vitreous cavity Death second- 
et al'ë pression photo- light perception humor tomy and intra- with necrotic ary to sep- 
(azathio- phobia only from vitreal ampho- debris and hy- tic shock 
prine, and L: visual acuity: both tericin B; intra- phae, branching 
methylpred- no light per- eyes vitreal and IV at 45° 
nisolone) ception, miconazole; L 
for renal Both: hazy me- eye enucleation 
transplanta- dia, and con- 
tion junctival 
chemosis with 
injection 
Gluckman 14/58/M R Diabetes Painless Ptosis, exophthal- R maxil- IV amphotericin B None Blindness 
et al'® mellitus loss of mos, exotropia, lary sinus and cephalothin 
vision and visual acu- (no eye sodium 
ity of light per- cultures 
ception only were ob- 
tained) 
Persaud 15/44/M i3 None Conjunctival Lower lid sym- None Surgical Subepithelial ab- Not stated 
and scrapings blepharon, up- lysis scess with fun- 
Holroyd” per lid myce- of adhesions gal colonies of 
toma; corneal and removal septate branch- 
scarring of the ing hyphae and 
mycetoma conidiophores 
Zapater 16/19/M L Traumatic im- Pain, photo- Central corneal Corneal Topical antibiotics None Leukoma, with 
and plantation phobia, ulcer and hy- ulcer and atropine; visual acu- 
Albesi'® of a foreign and lacri- popyon 5% natamycin; ity of hand 
body mation subconjunctival movements 
amphotericin B 
17/31/M R “Systemic Blurred Visual acuity of Vitreous Day 1, topical Retinitis with Death second- 
et al"? stress sec- vision hand motion humor prednisolone mononuclear ary to 
ondary to only; hypere- acetate and and polymor- fungemia 
multiple sur- mic bulbar con- cyclopentolate phonuclear cel- 
gical inter- junctiva; deep hydrochloride; lular infiltration; 
ventions" anterior cham- day 3, IV acy- vitreous cavity 
ber with 4+ clovir sodium; with necrotic 
cells and 1+ day 11, IV debris; fungal 
flare; hy- nafcillin sodium hyphae were 
popyon; intr- and tobramycin absent in all 


aretinal fluffy 
white exudative 
lesions 





tion of the fungi, the rabbits were pre- 
treated with either intramuscular saline or 
intramuscular steroid (10 mg/kg methyl- 
prednisolone acetate [Depomedrol]). The 
rabbits were anesthetized with ketamine 
hydrochloride (Vetalar), 40 mg/kg, intra- 
muscularly. The neck area was shaved and 
a depilatory agent (Surgex) was applied to 
remove the residual hair. Following a povi- 
done-iodine (Pharmadine) skin preparation 
and the subcutaneous injection of a local 
anesthetic (2% lidocaine hydrochloride), a 
























sulfate; day 12, sections studied 
lensectomy- 

vitrectomy; day 

18, IV and in- 

travitreal micon- 

azole 










25-mm longitudinal incision was made in the 
neck to expose the right common carotid 
artery. For the carotid injection, a 25-gauge 
needle was used to puncture the common 
carotid artery and a 1-mL inoculum of 10° 


spores per milliliter of P boydii 
(or 1 mL of sterile saline) was in- 
jected over 10 seconds. After the injection, 
the needle was withdrawn, and the skin 
incision was closed. 

For the intraocular injections, the ani- 
mals were anesthetized with ketamine (as 
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described above), and 0.66 to 1.0 mg of 
proparacaine hydrochloride (Alcaine) were 
applied topically. A wire eyelid speculum 
was inserted, and a 0.2-mL vitreal aspirate 
was removed via the pars plana with a 
30-gauge needle attached to a 1-mL tuber- 
culin syringe. This volume was then re- 
placed with 0.2 mL of inoculum of 10° spores 
per milliliter of either P boydii or A fumi- 
gatus. The control group received 0.2 mL of 
sterile saline. 

Following both endogenous and exoge- 
nous inoculation, the animals were returned 
to their cages and given food and water ad 
libitum. To verify the viability and purity of 
the inoculum, 0.5 mL of the injectate was 
placed on Sabouraud’s agar at room 
temperature. 

The eyes and all grossly infected internal 
organs of rabbits that died or were 
killed with an intravenous injection of N-[z- 
(methoxy-phenyl)-2-ethy]l-butyl-1] -gamma- 
hydroxy - butylramide, 4-methylene - bis 
(cyzlohex]-trimethyl-ammonium-oxide), tet- 
racaine hydrochloride, and dimethyl for- 
manide (Euthanasia T-61 Solution) were 
removed to 10% phosphate-buffered formal- 
dehyde solution. Selected eyes with ob- 
served retinal lesions or endophthalmitis 
underwent vitreous aspiration for culture 
on Sabouraud’s agar. The tissues were em- 
bedded in paraffin and microscopic sections 
were prepared. Sections were stained with 
hematoxylin, phloxine, and safranine, peri- 
odie acid—Schiff, and Gomori’s methenamine 
silver. Microscopic sections were examined 
under oil immersion for evidence of fungal 
infection. Microscopic sections were photo- 
graphed with color slide film (Ektachrome 
50, Eastman Kodak Co, Rochester, NY). 

Clinical observation and evaluation began 
2 days after fungal inoculation and contin- 
ued every other day thereafter. The rab- 
bits’ pupils were dilated with a combination 
of 0.67 mg of 2.5% phenylephrine hydro- 


Fig 1.—External photograph of Pseudallescheria boydii endophthal- 
mitis in an immunocompetent rabbit infected exogenously. 
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chloride (Neo-Synephrine), 0.15 mg of 1% 
tropicamide (Mydriacyl), and 0.10 mg of 2% 
homatropine hydrobromide (Isopto-Homa- 
tropine). One drop of each medication was 
instilled into the conjunctival sac of each 
eye, and prompt, wide pupillary dilatation 
was evident within 20 to 30 minutes. The 
retina of each intra-arterially and intravi- 
treally injected rabbit was observed using 
an indirect ophthalmoscope. Animals with 
chorioretinal lesions were photographed us- 
ing a retinal camera (Kowa, Keeler Optical, 
Nishiki, Naka-ku, Nagoya, Japan) and color 
slide film (Kodachrome 64, Eastman Kodak 
Co). A 35-mm camera with an extender lens 
capable of one-to-one reproduction and col- 
or slide film (Kodachrome 25, Eastman 
Kodak Co) was used to photograph lesions 
of the anterior segment. 

Photomicrographs of selected ocular tis- 
sues infected with either P boydii or 
A fumigatus were projected onto plain 
white paper. The projected fungal organ- 
isms were traced onto the paper and the 
angles of branching were measured with a 
protractor. The study was conducted in 


accordance with the Association for Re- 
search in Vision and Ophthalmology Reso- 
lution on the Use of Animals in Research. 


RESULTS 


Immunocompetent rabbits that re- 
ceived intraocular injections of either 
P boydii or A fumigatus (groups 1 and 
5, Table 2) had development of a fulmi- 
nant endophthalmitis (Figs 1 and 2). 
Histopathologically, both organisms 
produced severe inflammation, with 
hyphae and hyphal fragments in the 
anterior segment and vitreous humor 
(Figs 3 and 4) that were indistinguish- 
able from each other. Neither animal 
demonstrated systemic fungal infec- 
tion at autopsy. In both animals, post- 
mortem vitreal aspirates were culture 
positive. 

Rabbits that were immunosup- 
pressed and received intraocular injec- 
tions of either P boydii or A fumigatus 


Table 2.—Animal Immune Status, Route of Infection, and Fungus Injected in 
Experimental Pseudallescheria boydii and Aspergillus fumigatus Endophthalmitis 


immune 
Status 


Route of 


Administration Organism 





Competent 


Exogenous P boydii 





Suppressed 


Exogenous P boydii 





Competent 


Endogenous P boydii 





Suppressed 


Endogenous P boydii 





Competent 


Exogenous A fumigatus 





Suppressed 


Exogenous A fumigatus 





Suppressed 


Endogenous (Saline control) 





Suppressed 


Exogenous (Saline control) 





Competent 


Endogenous (Saline control) 





ojojÉoj|nNjaojanja jvj- 


Competent 
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Exogenous (Saline control) 


Fig 2.— External photograph of Aspergillus fumigatus endophthalmi- 
tis in an immunocompetent rabbit infected exogenously. 
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Fig 3.—Photomicrograph of the eye seen in Fig 1 demonstrating 
hyphae and hyphal fragments of Pseudallescheria boydii in the vitre- 
ous humor (periodic acid—Schiff, under oil immersion, x 1000). 





Fig 5.—External photograph of Pseudallescheria boydii endophthal- 
mitis in an immunosuppressed rabbit infected exogenously. 


(groups 2 and 6, Table 2) also had 
development of a fulminant endoph- 
thalmitis (Figs 5 and 6). Histopatho- 
logically, both groups exhibited severe 
inflammation and hyphae and hyphal 
fragments in the anterior segment and 
vitreous humor that were indistin- 
guishable from each other. Lens de- 
struction was noted in one of the two 
P boydii-infected eyes. The rabbit 
with A fumigatus endophthalmitis 
(group 6) was noted at autopsy to have 
fungal lesions of the lungs and liver. In 
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both groups, postmortem vitreal aspi- 
rates were culture positive. 

Five immunocompetent rabbits that 
received carotid injections of P boydii 
(group 3, Table 2) had a mean survival 
of less than 24 hours. No ocular lesions 
were noted, and no internal organ le- 
sions were seen at autopsy. 

Nine of 17 immunosuppressed rab- 
bits that received an intracarotid injec- 
tion of P boydii (group 4, Table 2) had 
development of prominent ocular le- 
sions in the posterior and/or anterior 
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Fig 4.—Photomicrograph of the eye seen in Fig 2 demonstrating 
hyphae and hyphal fragments of Aspergillus fumigatus in the vitreous 
humor (periodic acid—Schiff, under oil immersion, x 1000). 





Fig 6.—External photograph of Aspergillus fumigatus endophthalmi- 
tis in an immunosuppressed rabbit infected exogenously. 


segment (Table 3). The animals that 
had development of a fulminant en- 
dophthalmitis presented clinically with 
hypopyon and leukokoria. Histopatho- 
logically, these animals exhibited se- 
vere inflammation, hyphae, and hyphal 
fragments in the anterior segment 
with destruction of the lens and lens 
capsule (Fig 7). Lesions of the retina 
and/or choroid also demonstrated in- 
flammatory cells, hyphae, and hyphal 
fragments (Figs 8 through 10). Fungal 
lesions of the lungs, brain, kidneys, 
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Table 3.—Number and Location of 
Ophthalmic Lesions in Experimental 
Pseudallescheria boydii 
Endophthalmitis in Immunosuppressed 
and Endogenously Infected Rabbits 


Location 
Unilateral 













Bilateral 1 
Anterior segment e 
Retinal 


Total eyes 
* One eye had lesions in both locations. 





Fig 8.—Fundus photograph of an immuno- 
suppressed rabbit infected endogenously 
with Pseudallescheria boydii showing a le- 
sion 6 days after infection. 


and liver were seen in these animals at 
autopsy. Five rabbits had develop- 
ment of ataxia and/or nystagmus. Rab- 
bits with fulminant endophthalmitis 
had culture-positive vitreal aspirates. 

The angles of branching derived 
from the projected photomicrographs 
of the fungal organisms (Table 4) 
showed that 51 P boydii hyphae had a 
mean branching angle of 47°, a median 
of 43°, and a range that varied from 22° 
to 88°. Fifty-four A fumigatus hyphae 
had a mean branching angle of 43°, a 
median of 40°, and a range that varied 
from 23° to 90°. 


COMMENT 


Clinical features of the 17 previously 
reported cases of patients with P boy- 
dii eye infections are given in Table 1 
and reveal a mean age of 33 years and 
a male-to-female ratio of 4.6:1. Fifteen 
of the 17 reported cases of eye infec- 
tions were unilateral with a left eye 
preponderance (10:5). Numerous pre- 
disposing factors in these patients in- 
cluded trauma (penetrating injury, 
burn, or foreign body), a chronic un- 
derlying disease (diabetes mellitus 
or systemic lupus erythematosus), 
drowning with aspiration, immunosup- 
pression (for renal transplantation), 
multiple surgical procedures, and cata- 





Fig 7.—Photomicrograph of the histopathologic section showing Pseudallescheria boydii 
organisms with lens capsule destruction (periodic acid-Schiff, under oil immersion, x 1000). 


is h MESS i 


Fig 9.— Photomicrograph of the lesion shown in Fig 8 demonstrating a fungal chorioretinal 


abscess (periodic acid—Schiff, x 25). 


ract surgery. Ocular symptoms in 
these patients included pain, de- 
creased visual acuity, lacrimation, red- 
ness, and photophobia. The clinical 
findings of the 17 infected eyes in- 
cluded 10 endophthalmitides, five cor- 
neal ulcers, and two orbital celluli- 
tides. Pseudallescheria boydii was cul- 
tured in 17 of the 17 reported cases; 14 
cultures were obtained from an ocular 
site, two cultures were obtained from 
an orbital abscess, and, in one in- 
stance, a culture was obtained from 
the maxillary sinus. The ocular histo- 
pathologic descriptions reported hy- 
phae and/or conidia (spores) in 13 of 
the 17 cases. In four patients there 
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were no ocular histopathologic findings 
reported, but in one of these, fungal 
hyphae were noted in the lung, liver, 
brain, kidney, and subcutaneous 
tissue. 

Therapeutic surgical procedures in- 
cluded enucleation for five of the 17 
eyes, with one instance each of lysis of 
adhesions and resection of a myceto- 
ma, orbital débridement, evisceration, 
lensectomy, and keratoplasty; one pa- 
tient required a sclerotomy, iridec- 
tomy, lensectomy, and synechiectomy; 
two patients underwent a vitrectomy, 
and two underwent orbital débride- 
ment. A variety of antimicrobial 
agents and/or corticosteroids were 
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Fig 10.—Photomicrograph of same histopathologic section shown in Fig 9, at higher magnifica- 
tion, demonstrating hyphae and hyphal fragments of Pseudallescheria boydii (Gomori’s 
methenamine silver, under oil immersion, x 1000). 


used therapeutically, either alone or in 
combination with the previously men- 
tioned surgical procedures. 

Antifungal agents were used in 14 of 
the 17 patients; however, the proper 
diagnosis of a P boydii infection was 
delayed in all 17 patients. Miconazole 
(the reported drug of choice for 
P boydii infections) was used in seven 
patients, five of whom used it following 
prior (discontinued) treatment with 
amphotericin B. In seven patients, am- 
photericin B (the reported drug of 
choice for A fumigatus infections) was 
the sole antifungal agent used to treat 
the infection. Of the seven patients 
treated with only amphotericin B, one 
required enucleation to eradicate the 
infection; there were no deaths in this 
treatment group. Of the four patients 
treated with amphotericin B initially 
and then treated with miconazole, two 
underwent enucleation and two died. 
One patient who was treated with flu- 
conazole following prior, discontinued 
treatment with amphotericin B and 
then miconazole underwent enucle- 
ation before death. In this series of 
ocular infections, four patients (all 
with disseminated disease) died. Be- 
cause of the varied ocular diagnoses 
and the limited number of patients 
(17), a statistical comparison of the 
different antifungal agents and their 
outcomes was not meaningful. 

We reviewed a series of 20 previous- 
ly reported cases of patients with a 
variety of nonocular P boydii infec- 
tions and the treatment outcomes us- 
ing miconazole or amphotericin B. In 
this series, four patients died and 16 
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survived. Of the four patients who 
died, two had disseminated fungal dis- 
ease. Both of these were treated with 
amphotericin B. Two others had, ini- 
tially, a fungal sinusitis; one patient 
was treated with amphotericin B and 
the other was treated with miconazole. 
The 14 patients who lived and were 
treated with either miconazole or keto- 
conazole had fungal disease involving 
one specific organ system (lung, joint, 
central nervous system, sinus, and 
bone); none of these patients had sys- 
temic fungal disease. The two patients 
who lived and were treated with am- 
photericin B had sinus and central 
nervous system fungal infections, re- 
spectively. A statistical analysis of 
these data, likewise, was not meaning- 
ful due to the varied diagnoses, sever- 
ity, and treatment regimens. Of the 
eight patients in both the ocular and 
nonocular series who died, five were 
treated with miconazole and three 
were treated with amphotericin B. 

Experimental data herein reported 
have demonstrated that the clinical 
and histopathologic appearances of ex- 
ogenous P boydii and A fumigatus 
endophthalmitis are indistinguishable 
in immunocompetent rabbits (groups 1 
and 5). In addition, systemic immuno- 
suppression does not significantly alter 
the clinical or histopathologic features 
of the exogenous fungal endophthalmi- 
tis caused by either P boydii or 
A fumigatus (groups 2 and 6). 

The sudden onset of death following 
the carotid injection of P boydii in the 
immunocompetent rabbits (group 3) 
was probably secondary to a “toxic 
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Table 4.—Means, Medians, and 
Ranges of Branching Angles of 
Pseudallescheria boydii and 


Aspergillus fumigatus (in Degrees) 


Organism n Mean Median Range 


P boydii 51 47 43 22-88 
A fumigatus 54 43 40 23-90 


reaction” (similar to anaphylaxis) rath- 
er than to infection per se. We hypoth- 
esize that immunosuppression is a par- 
adoxical protective mechanism in 
response to a large antigen challenge, 
in that it probably prevents the release 
of histamines and/or other mediators of 
presumed anaphylaxis. 

Pseudallescheria boydii produced a 
severe endogenous endophthalmitis in 
nine of 17 immunosuppressed rabbits 
(group 4) following its injection into 
the carotid artery. A large number of 
animals in this group, compared with 
the other experimental groups, were 
required to establish the animal model 
for systemic P boydii infections. Ante- 
rior segment infections occurred more 
often (1.75:1) than chorioretinal infec- 
tions, with one animal having both 
occur in the same eye. The chorio- 
retinal lesions produced by P boydii 
were clinically identical to lesions pro- 
duced in experimental nocardiosis.” 

The three instances of lens/lens cap- 
sule destruction in the endogenous 
group were similar to that seen in the 
exogenous P boydii infection (group 2). 
Other researchers have hypothesized 
the presence of a P boydii proteinase 
as the cause of corneal destruction.” 
We postulate that P boydii may pro- 
duce a proteolytic enzyme that, like- 
wise, dissolves the lens capsule (Fig 7). 

The angles of branching of both 
P boydii or A fumigatus hyphae (Table 
4) are indistinguishable; we believe, 
therefore, that a diagnosis of an asper- 
gillus infection cannot be made on the 
basis of “visualizing dichotomously 
branching septate hyphae in biopsy 
specimens. ”” 

This study indicates that P boydii 
ocular infections mimic both clinically 
and histologically those caused by 
A fumigatus. In cases of suspected 
fungal endophthalmitis, it would not be 
unreasonable for the clinician to sus- 
pect, prior to identification by culture, 
the more common aspergillus as the 
infective agent and treat empirically 
with amphotericin B. Since miconazole 
or ketoconazole is the reported treat- 
ment of choice for P boydii infections, 
cultural identification (which can occur 
as early as 24 to 36 hours or as late as 4 
to 5 days) is of extreme importance so 
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that exact, often lifesaving, antifungal 
treatment can be given. 

Our review of 17 ophthalmic and 
20 nonophthalmic cases of P boydii 
infections, however, does not substan- 
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Tis great majority of investigators believe that trachoma is an infectious disease 
caused by a specific micro-organism the identity of which has not yet been definitely es- 
tablished. Successful inoculation experiments on human beings and animals seem to 
prove the communicability of the disease beyond doubt. A great variety of organisms have 
been described as the cause of trachoma, but all have failed to produce the disease either 
in man or in experimental animals and have subsequently been shown to be only second- 
ary invaders. The discovery, in 1907, by Halberstadter and von Prowazek' of character- 
istic intracellular inclusions in conjunctival scrapings from trachoma was a decided step 
forward, but the problem soon became complicated by the finding of similar inclusions 
in various types of nontrachomatous conjunctivitis. At present the inclusion theory does 
not receive wide acceptance. 


Source: Finoff WC, Thygeson P. Bacterium granulosis in trachoma. 
Arch Ophthalmol. 1931;5:527. 
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MK-507 (L-671,152), a Topically Active Carbonic Anhydrase 
Inhibitor, Reduces Aqueous Humor Production in Monkeys 


Rong-Fang Wang, MD; Janet B. Serle, MD; Steven M. Podos, MD; Michael F. Sugrue, PhD 


è An investigation was carried out to 
determine the mechanism by which 
MK-507 (L-671,152), a water-soluble in- 
hibitor of human carbonic anhydrase Il in 
vitro, reduces intraocular pressure when 
applied topically to monkey eyes. Intra- 
ocular pressure, tonographically mea- 
sured outflow facility, and fluorophoto- 
metrically determined aqueous humor 
flow were measured before and after 
therapy in eight normal cynomolgus 
monkeys. Fifty microliters of 2% MK-507 
was instilled in one eye and diluent in the 
contralateral eye. Baseline values for in- 
traocular pressure, outflow facility, and 
aqueous humor flow were similar in the 
drug-treated and diluent-treated control 
eyes. After therapy, intraocular pressure 
was significantly (P<.05) reduced from 1 
to 7 hours (eg, 14.0+1.0 and 15.9+ 
0.9 mm Hg [mean+SEM], treated and 
control eyes, respectively, at 3 hours). 
Outflow facility was not significantly 
(P>.40) changed at 3 hours, and aqueous 
humor flow measured over 5 hours was 
significantly (P<.05) reduced (38%) in 
treated (0.9+0.1 L/min) as compared 
with control eyes (1.5+0.1 L/min). The 
results suggest that MK-507 reduces in- 
traocular pressure by decreasing aque- 
ous humor production. 

(Arch Ophthalmol. 1991;109:1297-1299) 
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Although systemically administered 

carbonic anhydrase inhibitors have 
been used clinically since the 1950s,'” 
their use has often been terminated 
owing to intolerable side effects. Topi- 
cally administered carbonic anhydrase 
inhibitors should have fewer side ef- 
fects than oral agents. Various modifi- 
cations of the systemically active 
agents have been evaluated for topical 
use. Some of these modifications in- 
clude trifluoromethazolamide, a deriv- 
ative of methazolamide that reduced 
intraocular pressure (IOP) in rabbits” 
but was unstable in solution and re- 
quired a long duration of ocular expo- 
sure; aminozolamide gel, an analogue 
of ethoxzolamide that significantly re- 
duced IOP in patients with ocular hy- 
pertension’ but had substantial ocular 
side effects when administered long- 
term"; and L-650,719, another sulfon- 
amide derivative that reduced IOP in 
rabbits’ but failed to lower IOP in a 
clinical trial of normotensive volun- 
teers.“ 

Three topically active carbonic anhy- 
drase inhibitors that are thienothio- 
pyran-2-sulfonamide derivatives are 
under investigation for clinical use. 
These are MK-927, which reduced IOP 
in rabbits,” glaucomatous monkeys,” 
normal volunteers,” and patients with 
ocular hypertension and glaucoma"; 
MK-417, the S-enantiomer of the race- 
mic mixture of MK-927, which seemed 
to be more effective than MK-927""; 
and MK-507 (L-671,152), which had a 
greater magnitude and a longer dura- 
tion of JIOP-lowering effect than 
MK-927 in glaucomatous monkeys.” 

The mechanism by which these topi- 
cally active carbonic anhydrase inhibi- 
tors reduce IOP has not been direct- 
ly determined. Both MK-927’ and 
MK-507” inhibit isozyme carbonic an- 


hydrase II in in vitro preparations of 
human erythrocytes. The purpose of 
this study was to investigate the mech- 
anism by which IOP is reduced follow- 
ing topical application of MK-507. 


MATERIALS AND METHODS 


Eight adult female cynomolgus monkeys, 
each weighing 3 to 4 kg, were used in this 
study. The monkeys were seated in special- 
ly designed primate chairs during the ex- 
periments. Adequate sedation for measure- 
ments was obtained with ketamine 
hydrochloride, 1 to 5 mg/kg injected intra- 
muscularly. The IOP, outflow facility, and 
aqueous humor flow rates were measured 
on different days following topical applica- 
tion of one drop of 0.5% proparacaine hy- 
drochloride. The MK-507 was prepared dai- 
ly as a 2% solution in 0.5% aqueous 
hydroxyethylcellulose at a pH of 4.5 to 5.0. 
For all experiments, one 50-uL drop of 2% 
MK-507 was topically applied to one eye of 
each monkey and an equal volume of aque- 
ous hydroxyethylcellulose to the fellow con- 
trol eye. The IOP was measured with a 
calibrated pneumatonometer (Model 30 R, 
Digilab Inc, Cambridge, Mass) before drug 
administration and at 0.5 hour and hourly 
thereafter for a total of 8 hours after drug 
administration. With the animal model in 
the supine position, tonography was per- 
formed before and 3 hours after drug ad- 
ministration using an electronic indentation 
tonography unit (Model EDT 103, Alcon 
Laboratory, Fort Worth, Tex). Aqueous 
humor flow rates were measured using a 
scanning computerized fluorophotometer 
(Fluorotron Master, Coherent Medical Di- 
vision, Palo Alto, Calif) and a software 
analysis program designed by Yablonski.” 
Fluorescein iontophoresis was performed 
into the central cornea with an electrode of 
10% fluorescein in 2% agar gel for 7 minutes 
approximately 18 hours before beginning 
flow measurements. On the first day, base- 
line aqueous flow measurements were tak- 
en hourly for a total of 5 hours. The next 
day, 1 hour before beginning flow measure- 
ments, one 50-~L drop of 2% MK-507 was 
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Table 1.—Etfect of 2% MK-507 
- (L-671, 152) on IOP in Eight 
Cynomolgus Monkey Eyes* 


IOP, mm Hg 

















Time After 
Treatment, h 









MK-507 Diluent 


+ 0.5 16.8 + 0.4 
O.3t 16.1+0.4 
0.7t 15.8 + 0.6 
1.0t 15.9 0.9 
1.5t 14.4 
: 1.3t 
13.6 + 1.3 


“IOP indicates intraocular pressure. Values are 
mean + SEM. 

t Significant difference between treated and control 
eyes, P < .05, paired t test, two-tailed. 















@nNnOawn-0 
ORGR: 
o 
HHHHH 






topically applied to one eye of each monkey, 
and an equal volume of diluent to the fellow 
eye. Values of 102 uL for anterior chamber 
volume and 40 uL for the corneal volume 
were used in the calculations of the flow 
rate. Aqueous flow measurements were re- 
peated hourly for 5 hours. Slit-lamp micros- 
copy was performed before and at 2-hour 
intervals following drug administration on 
the day the IOP effect of MK-507 was 
evaluated. 

All animal studies complied with institu- 
tional guidelines for animal experimenta- 
tion. Student’s paired ¢ test was used to 
evaluate the level of significance between 
treated and control eyes using the two- 
tailed significance tables. 


RESULTS 


Topical administration of one 50- L 
drop of 2% MK-507 to one eye of each 
of eight normal cynomolgus monkeys 
produced a significantly (P<.05) lower 
IOP from 1 to 7 hours after instillation 
as compared with the diluent-treated 
control eye (Table 1). The maximum 
reduction in mean (+SEM) IOP oc- 
curred at 2 and 3 hours and was 
1.9+0.4 mm Hg. 

Mean IOP measured with the tono- 
graph 3 hours after administration of 
2% MK-507 was significantly (P<.05) 
lower in the drug-treated eyes than in 
the fellow diluent-treated control eyes, 
and significantly (P<.05) lower than 
the baseline IOP value (Table 2). Out- 
flow facility was not significantly 
(P>.40) altered in either eye compar- 
ing the drug- and diluent-treated eyes, 
and comparing each eye with its base- 
line measurements (Table 2). 

From 1 through 5 hours following 
unilateral administration of 2% 
MK-507, the aqueous humor flow rate 
in eight treated eyes was significantly 
lower than in the control eyes and than 
the baseline values of the drug-treated 
eyes (Table 2). The mean aqueous hu- 
mor flow rate in drug-treated eyes was 


Table 2.—Effect of 2% MK-507 (L-67 1,152) on Aqueous Humor Dynamics 
in Eight Cynomolgus Monkey Eyes* 


Intraocular Pressure, 
mm Hg 


Outflow Facility, 
uL - min“ . mm Hg" 


Aqueous Humor Flow 
Rates, „L/min 





MK-507-treated eye 
Baseline 17.5 


Treated 15.6 


0.60 





Diluent-treated eye 
Baseline 16.9 


Diluent 16.9 + 0.5 








“Values are mean + SEM. Intraocular pressure was measured with an electronic tonography apparatus. 
tSignificantly different as compared with baseline measurement or contralateral diluent-treated eye's mea- 


surement, P < .05, paired ż test, two-tailed. 


38% lower than in the contralateral 
diluent-treated control eyes, and 29% 
lower than the baseline values of the 
same eyes. The baseline aqueous hu- 
mor flow rates were similar (P>.80) in 
both eyes. 

Slit-lamp microscopy revealed no 
anterior segment inflammation for 
8 hours following drug administration. 


COMMENT 


Previous experimental and clinical 
studies demonstrated that carbonic an- 
hydrase inhibitors administered sys- 
temically decrease IOP by reducing 
aqueous humor production.”” Re- 
peated topical administration of the 
carbonic anhydrase inhibitor trifluoro- 
methazolamide to one eye of albino 
rabbits unilaterally reduced IOP and 
aqueous humor flow rates determined 
fluorophotometrically for up to 1 hour.’ 
Using an anterior chamber cannulation 
technique, both  trifluoromethazola- 
mide and bromacetazolamide reduced 
aqueous humor secretion in cats fol- 
lowing topical application.’ Topical ad- 
ministration of the ethoxzolamide ana- 
logue aminozolamide gel reduced 
fluorophotometrically measured aque- 
ous humor flow rates from 2 to 7 hours 
after application in 21 normal volun- 
teers.’ Indirect measurements sug- 
gested that 2% MK-927° and 2% 
MK-507” reduced aqueous humor for- 
mation in rabbits. 

The current study, carried out to 
determine directly the mechanism by 
which topically applied MK-507 re- 
duces IOP, found that the reduction of 
IOP following the topical application of 
2% MK-507 is completely accounted for 
by the reduction in aqueous humor 
formation. Outflow facility was not al- 
tered in normal monkeys treated with 
MK-507. The reduction in aqueous hu- 
mor formation was unilateral, suggest- 
ing that the drug has a direct ocular 
effect and does not influence anterior 
segment aqueous humor dynamics via 
the systemic circulation. Blood pH and 
electrolyte levels were not measured 
in these monkeys, but the quantity of 
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MK-507 administered was small (1 mg) 
and would not be expected to alter 
systemic pH and electrolyte balance 
substantially. In a prior study, MK-927 
and MK-417 administered topically 
four times a day for 14 days to 16 
healthy volunteers did not alter hema- 
tologic and urinary measures, includ- 
ing acid-base balance.” 

The substance MK-507 is under in- 
vestigation for clinical use. Animal 
studies and preliminary clinical trials 
indicate that the drug is effective and 
well tolerated. This drug has excellent 
clinical potential. 
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Streptococcus (Viridans Group) 1.60 Escherichia coli 0.12 
Klebsiella pneumoniae 0.85 
Mycobacterium tuberculosis 0.74 
Neisseria species 0.01 
Proteus species 0.05 


*The clinical significance of these in vitro data is unknown. 
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DESCRIPTION: CILOXAN™ (Ciprofloxacin HCl) Ophthalmic Solution is 
asynthetic, sterile, multiple dose, antimicrobial for topical ophthalmic use. 
INDICATIONS AND USAGE: CILOXAN™ Ophthalmic Solution is indi- 
cated for the treatment of infections caused by susceptible strains of 
the designated microorganisms in the conditions listed below: 
Corneal Ulcers: Pseudomonas aeruginosa 

Serratia marcescens* 

Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus pneumoniae 

Streptococcus (Viridans Group)* 
Conjunctivitis: Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus pneumoniae* 
*Efficacy for this organism was studied in fewer than 10 infections. 


CONTRAINDICATIONS: A history of hypersensitivity to ciprofloxacin or 
any other component of the medication is a contraindication to its use. 
A history of hypersensitivity to other quinolones may also contraindi- 
cate the use of ciprofloxacin. 


WARNINGS: NOT FOR INJECTION INTO THE EYE. 
Serious and occasionally fatal hypersensitivity (anaphylactic) reac- 
tions, some following the first dose, have been reported in patients 
receiving systemic quinolone therapy. Some reactions were accompa- 
nied by cardiovascular collapse, loss of consciousness, tingling, pha- 
ryngeal or facial edema, dyspnea, urticaria, and itching. 
Only a few patients had a history of hypersensitivity reac- 
tions. Serious anaphylactic reactions require immediate 
emergency treatment with epinephrine and other resus- 
citation measures, including oxygen, intravenous fluids, 
intravenous antihistamines, corticosteroids, pressor 


amines, and airway management, as Clinically indicated. (ciprofloxacin HCI) 


PRECAUTIONS: 

General: As with other antibacterial preparations, pro- 
longed use of ciprofloxacin may result in overgrowth of 
nonsusceptible organisms, including fungi. If superinfec- 
tion occurs, appropriate therapy should be initiated. 
Whenever clinical judgment dictates, the patient should 
be examined with the aid of magnification, such as slit 
lamp biomicroscopy and, where appropriate, fluorescein 
staining. 

Ciprofloxacin should be discontinued at the first 
appearance of a skin rash or any other sign of hypersen- Smt 
sitivity reaction. 

In clinical studies of patients with bacterial corneal ulcer, a white 
crystalline precipitate located in the superficial portion of the corneal 
defect was observed in 35 (16.6%) of 210 patients. The onset of the pre- 
cipitate was within 24 hours to 7 days after starting therapy. In one 
patient, the precipitate was immediately irrigated out upon its appear- 
ance. In 17 patients, resolution of the precipitate was seen in 1 to 8 days 
(seven within the first 24-72 hours), in five patients, resolution was 
noted in 10-13 days. In nine patients, exact resolution days were unavail- 
able; however, at follow-up examinations; 18-44 days after onset of the 
event, complete resolution of the precipitate was noted. In three 
patients, outcome information was unavailable. The precipitate did not 
preclude continued use of ciprofloxacin, nor did it adversely affect the 
clinical course of the ulcer or visual outcome. (SEE ADVERSE 
REACTIONS). 


Drug Interactions: Specific drug interaction studies have not been 
conducted with ophthalmic ciprofloxacin. However, the systemic admin- 
istration of some quinolones has been shown to elevate plasma con- 
centrations of theophylline, interfere with the metabolism of caffeine, 
enhances the effects of the oral anticoagulant, warfarin, and its deriva- 
tives and has been associated with transient elevations in serum creati- 
nine in patients receiving cyclosporine concomitantly. 
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mutagenicity tests have been conducted with ciprofloxacin and the test 
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Salmonella/Microsome Test (Negative) 

E. coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 
Chinese Hamster V7 Cell HGPRT Test (Negative) 

Syrian Hamster Embryo Cell Transformation Assay (Negative) 
Saccharomyces cerevisiae Point Mutation Assay (Negative) 
Saccharomyces cerevisiae Mitotic Crossover and Gene 
Conversion Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 


Thus, two of the eight tests were positive, but the results of the following 
three in vivo test systems gave negative results: 


Rat Hepatocyte DNA Repair Assay 
Micronucleus Test (Mice) 
Dominant Lethal Test (Mice) 


Long term carcinogenicity studies in mice and rats have been com- 
pleted. After daily oral dosing for up to two years, there is no evidence 
that ciprofloxacin had any carcinogenic or tumorigenic effects in these 
species. 

Pregnancy-Pregnancy Category C: Reproduction studies have been 
performed in rats and mice at doses up to six times the usual daily 
human oral dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to ciprofloxacin. In rabbits, as with most antimicro- 
bial agents, ciprofloxacin (30 and 100 mg/kg orally) produced gastroin- 
testinal disturbances resulting in maternal weight loss and an increased 
incidence of abortion. No teratogenicity was observed at 
either dose. After intravenous administration, at doses up 
to 20 mg/kg, no maternal toxicity was produced and no 
embryotoxicity or teratogenicity was observed. There 
are no adequate and well controlled studies in pregnant 
women. CILOXAN™ Ophthalmic Solution should be 
used during pregnancy only if the potential benefit justi- 
fies the potential risk to the fetus. 


Nursing Mothers: It is not known whether topically 
applied ciprofloxacin is excreted in human milk; however, 
it is known that orally administered ciprofloxacin is 
excreted in the milk of lactating rats and oral ciprofloxacin 
has been reported in human breast milk after a single 
500 mg dose. Caution should be exercised when 
CILOXAN™ Ophthalmic Solution is administered to a 
nursing mother. 


- Pediatric Use: Safety and effectiveness in children 
below the age of 12 have not been established. Although 
ciprofloxacin and other quinolones cause arthropathy in 

immature animals after oral administration, topical ocular administration 

of ciprofloxacin to immature animals did not cause any arthropathy and 
there is no evidence that the ophthalmic dosage form has any effect on 
the weight bearing joints. 


ADVERSE REACTIONS: 

The most frequently reported drug related adverse reaction was local 
burning or discomfort. In corneal ulcer studies with frequent administra- 
tion of the drug, white crystalline precipitates were seen in approxi- 
mately 17% of patients (SEE PRECAUTIONS). Other reactions 
occurring in less than 10% of patients included lid margin crusting, crys- 
tals/scales, foreign body sensation, itching, conjunctival hyperemia and 
a bad taste following instillation. Additional events occurring in less than 
1% of patients included corneal rama 2 keratopathy/keratitis, allergic 
reactions, lid edema, tearing, photophobia, corneal infiltrates, nausea 
and decreased vision. 

OVERDOSAGE: A topical overdose of CILOXAN™ Ophthalmic Solu- 
tion may be flushed from the eye(s) with warm tap water. 

ANIMAL PHARMACOLOGY: Ciprofloxacin and related drugs have 
been shown to cause arthropathy in immature animals of most species 
tested following oral administration. However, a one-month topical ocu- 
lar study using immature Beagle dogs did not demonstrate any articular 
lesions. 
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That wavelength is 810nm, of course. In to on-going maintenance —are yet another 
operating rooms, offices, and outpatient clinics tremendous advantage of diode lasers. 
all over the world, you'll find 810 has become There’s no need to dedicate special elec- 
an increasingly popular number. trical or water utilities that add expense and 

The reason isn’t mysterious at all. Diode limit the location usability as with other laser 
lasers, quite simply, are proving to be as systems. Diode lasers also 
good or better than argon and krypton plug into any conventional 
laser treatment in a growing number of wall outlet, drawing a mere 
ophthalmic applications. 60 watts of power instead of 

And that’s just the beginning. The ion-gas lasers’ 10,000 watts 
reliability and portability of diode lasers of power. And they don’t 
offer hospitals and outpatient practices need water or forced air 
more flexibility in patient care than old cooling either. 
technologies. Diode lasers are a healthy 

Diode lasers draw as much 
ALaser that Doesn't Get in the Way poreaseiigind onson They lel 
of Your Operation. ere free of known phototoxic 
Lower costs that keep operating budgets blue light. So it’s safer for you, your patient, 


down—from initial purchase and installation and your staff. 


Finally, diode lasers work better. Their provide a hint of the future possibilities avail- 





proven semiconductor-based technology has able from one laser source. 

been adopted by many industries for its The promise of the future is available now 

inherent dependability and performance. Now with the IRIS OcuLight SLx and a variety of 

this is a practical reality for delivery systems: EndoProbes? Binocular 

ophthalmology. Laser Indirect Ophthalmoscope, Slit Lamp, 
Taken together, all these special probes available for research, and 

significant benefits produce much more. 
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OcuLight® works in any cooling wu ede eon. And, more important, IRIS Medical. 
operating room, outpatient clinic, or for that We're committed to supporting multi-center 
matter, anywhere in the world. trials around the world now and in the future. 


And to keeping you in touch with the latest 
advances in eye care. 


Operate in the Most Difficult Situations. 


Ophthalmologists, in fact, have taken 
it to the far corners of the world. They 
even use battery power in the remotest 
areas, providing comprehensive eye care 
in treatment of the toughest cases. 

Already diode lasers have an impres- 
sive track record for effective treatment 
of retinal detachments and diseases such 
as proliferative diabetic retinopathy, = 
subretinal neovascularization, retinopathy 
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Photo Essay 


Edited by Malcolm N. Luxenberg, MD 


Age-Related Macular Degeneration 
and Ghost Cell Glaucoma 


A? 81-year-old white man with a recently 
diagnosed choroidal neovascular mem- 
brane from age-related macular degenera- 
tion developed a vitreous hemorrhage in the 
right eye while using 650 mg of acetylsali- 
cylic acid daily. One month after the hemor- 
rhage developed, ocular examination re- 
vealed a visual acuity of light perception, a 
40% pseudohypopyon, khaki-colored cells in 
the anterior chamber, a moderately opaci- 
fied lens, and an intraocular pressure of 
60 mm Hg (Fig 1). 

Ultrasonography showed an extensive 
disciform scar and a dense vitreous hemor- 
rhage. A diagnosis of ghost cell glaucoma 
was made and the patient underwent irriga- 
tion of the anterior chamber, pars plana 
lensectomy, and vitrectomy. During sur- 
gery, subretinal pigment epithelial scar and 
blood were observed over the entire fun- 
dus. Histopathologic examination showed 
the presence of ghost red blood cells with 
Heinz bodies in the fluid sample from the 
anterior chamber (Fig 2) and blood, hemo- 
globin spherules, and ghost red blood cells 
in the vitreous fluid sample (Fig 3). 

After surgery, the intraocular pressure 
decreased to less than 15 mm Hg but the 
visual acuity remained at light perception. 


COMMENT 


Lewis et al’ and El Baba et al 
previously reported the clinicopatho- 
logic correlation of patients with age- 
related macular degeneration who de- 
veloped intraocular hemorrhage while 
receiving anticoagulation therapy. Al- 


1304 Arch Ophthalmol—Vol 109, September 1991 


though the anterior hyaloid face serves 
as a natural boundary for the products 
of vitreous hemorrhage, a disruption of 
the anterior hyaloid caused by trauma 
or surgery, or, as in our patient, a 
spontaneous disruption, may allow the 
cells to pass forward to the anterior 
chamber, obstruct the trabecular 
meshwork, and cause glaucoma. Surgi- 
cal intervention is frequently neces- 
sary because the intraocular pressure 
remains elevated despite maximum 
medical therapy.’ 


FRANCISCO J. RODRIGUEZ, MD 
ROBERT Y. Foos, MD 

HILEL LEWIS, MD 

Los Angeles, Calif 


Reprint requests to the Jules Stein Eye Insti- 
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Fig 1.—Slit-lamp view showing layers of fresh red blood cells (arrows) 
between layers of tan ghost red blood cells that also extend along the 
nasal and temporoanterior chamber angle. 


Fig 2.—Light micrograph of anterior chamber fluid sample showing 
ghost red blood cells with Heinz bodies (Papanicolaou's stain, original 
magnification x 264). 
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Fig 3.—Light micrograph of vitreous cavity fluid sample showing lens 
fibers, hemoglobin spherules of varying dimensions, and ghost red 
blood cells with Heinz bodies (arrows) (hematoxylin-eosin, original 
magnification x 264). 


Photo Essay 1305 


Surgical Technique 


Removal of the Eye With Socket Ablation 


A Limited Subtotal Exenteration 


R. Patrick Yeatts, MD; J. Richard Marion, MD; Richard G. Weaver, MD; Ghada A. Orkubi, MD 


è Following enucleation or eviscera- 
tion, the wearing of a prosthetic eye may 
be impractical, impossible, or undesir- 
able. We describe herein 10 patients for 
whom a prosthesis was not feasible and 
who therefore underwent removal of the 
eye with extirpation of the conjunctiva, 
tarsi, and lid margins, followed by lid 
closure. The procedure as originally de- 
scribed is suitable for a wide range of 
disorders. Modifying the technique to 
incorporate simultaneous removal of the 
conjunctiva, tarsi, and lid margin togeth- 
er with enucleation of the globe permit- 
ted the use of the operation in the treat- 
ment of patients with ocular and 
conjunctival surface malignant neo- 
plasms. Although the procedure does 
not replace simple enucleation of the 
globe or exenteration of the orbit, it is 
useful under certain circumstances. 

(Arch Ophthalmol. 1991;109:1306-1309) 


Following enucleation or eviscera- 

tion, the wearing of a prosthetic 
eye may be impractical or impossible 
when concurrent surgery or preexist- 
ing disease has destroyed the conjunc- 
tiva. In those circumstances or when 
contracted sockets or lid abnormalities 
prevent the wearing of a prosthesis, 
the surgeon must decide whether to 
attempt correction of the abnormali- 
ties or give up the possibility of the 
patient’s wearing a prosthetic eye and 
ablate the socket. Although the latter 
choice may be unpalatable, its practi- 
cality is widely recognized.'* 

In 1961, Naquin’ described the ad- 
vantage of socket ablation for the con- 
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spicuous draining socket incapable of 
holding a prosthesis. He recommended 
“enucleation after circumferential peri- 
tomy followed by dissection of the con- 
junctiva and tarsus with excision to 
include the lid margin.” 

A modification of Naquin’s proce- 
dure extends the operation to the 
treatment of ocular and ocular surface 
malignant neoplasms when simple enu- 
cleation and/or cryotherapy is imprac- 
tical, and tradition dictates orbital ex- 
enteration. We present 10 cases to 
illustrate the usefulness of both the 
original and the modified procedure. 


MATERIALS AND METHODS 


We performed the procedure described 
by Naquin' on 10 patients, with modifica- 
tions in some cases as follows. Preferably 
with the patient under general anesthesia 
(although local infiltrative or regional anes- 
thesia can be used if desired), the skin 
incisions are made 2.0 mm superior and 
inferior to the lid margin and 2.0 mm from 
the medial and lateral canthi. The plane of 
dissection is carried deep to the orbicularis 
oculi muscle and continued first superiorly 
and then posteriorly through the orbital 
septum. Preaponeurotic fat is identified and 
the levator aponeurosis is visualized (Fig 1). 
The levator aponeurosis is isolated and 
transected. Dissection is then carried supe- 
riorly above the conjunctival fornix and 
posteriorly for identification of the superior 
rectus muscle and its insertion; the superior 
rectus muscle is isolated, tagged with a 6-0 
polyglactin 910 (Vicryl) suture, and sepa- 
rated from the globe (Fig 2). 

In the lower eyelid, the dissection is 
carried inferiorly in a plane posterior to the 
orbicularis oculi muscle. The orbital septum 
is identified and transected, and dissection 
is then carried inferior to the inferior fornix 
and posteriorly to allow identification of the 
inferior rectus muscle (Fig 3), which is then 
isolated, tagged, and separated from the 
globe. 

The medial and lateral canthal tendons 
are visualized through the skin incisions and 
transected. Dissection is carried posterior 
to the reflections of the conjunctiva and the 
caruncle (Figs 4 and 5) medially and the 
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conjunctiva alone laterally. The lacrimal 
drainage system is transected. The medial 
and lateral recti are identified, tagged, and 
released, and the oblique muscles are iden- 
tified and transected. The globe is enucle- 
ated in standard fashion (Fig 6). The deliv- 
ered specimen includes the globe, the lid 
margins, the conjunctiva, and the conjuncti- 
val fornices still attached to the globe at the 
limbus (Fig 7). An orbital implant may be 
placed if needed for volume augmentation 
(Fig 8). The orbicularis is closed with an 
absorbable suture tied with a buried knot, 
the skin is closed, ointment is applied to the 
skin wound, and the wound is covered with 
a pressure dressing. Sutures are removed 
in 1 week (Fig 9). 


RESULTS 


Of the 10 patients who underwent 
extirpation of the conjunctiva, tarsi, 
and lid margin together with removal 
of the eye, two were operated on with 
the procedure described by Naquin‘ 
and eight with the modified procedure 
(Table). The ages of the five men and 
five women ranged from 32 to 92 
years. Three had “benign” disease, and 
seven, malignant disease. 

Of the three patients with benign 
disease, two had cicatricial pemphi- 
goid, and one had a severe alkali burn. 
The presence of severe cicatricial con- 
junctival disease in each precluded the 
wearing of a prosthesis. Successful late 
socket reconstruction was improbable 
in the two patients with cicatricial 
pemphigoid; one (patient 1) underwent 
evisceration for frank corneal perfora- 
tion, and the other (patient 3) under- 
went enucleation coincident with sock- 
et ablation because of imminent 
corneal perforation. 

The patient with a severe alkali burn 
(patient 4) underwent placement of a 
primary dermal fat graft to increase 
socket surface area and placement of 
two separate mucous membrane grafts 
for socket reconstruction. However, 
after an interval of repeated socket 
contractures and chronic socket drain- 
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: Raat ; : me Fig 2.—The superior rectus and oblique muscles identified above the 
Fig 1.—The upper lid in which a skin-muscle flap is reflected, the orbital conjunctival fornix. 
septum is transected, and the levator aponeurosis is isolated on 
muscle hooks. 
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Fig 3.—A lower lid in which a skin-muscle flap is reflected, the orbital 


Fig 4.— The lacrimal drainage apparatus is transected, and the medial 
septum is transected, and the inferior rectus muscle is identified rectus muscle is identified posterior to the caruncle. 
inferior to the conjunctival fornix. 


Fig 5.—The lateral canthal tendon is transected, and the lateral rectus 
muscle is identified. 


Fig 6.— The globe with attached conjunctiva and lid margins. 
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Fig 7.—Lateral view of specimen. 


age, this patient, a construction work- 
er, preferred to undergo socket abla- 
tion rather than additional operations. 
Thus, he underwent extirpation of the 
conjunctiva, tarsi, and lid margins long 
after the globe had been removed. 

The seven patients with malignant 
neoplasm of the globe or conjunctiva 
underwent simultaneous enucleation of 
the globe as described in the “Materi- 
als and Methods” section. All received 
an implant in the muscle cone to assist 
orbital volume replacement. 

In all seven cases, histologic evalua- 
tion revealed complete excision of the 
primary lesion. Two of the seven pa- 
tients had malignant melanoma of the 
choroid or ciliary body with extra- 
scleral extension to the bulbar conjunc- 
tiva. Both of these patients displayed 
distant metastases 1.7 and 4.8 years 
later, but neither has experienced local 
recurrence. Four of the patients with 
primarily conjunctival malignant neo- 
plasm have remained disease free dur- 
ing follow-up periods of 9 months to 
6.2 years (mean, 3.1 years). The fifth 
patient was unavailable for follow-up. 


COMMENT 


When preexisting or concurrent 
problems preclude the successful re- 
tention of a prosthesis, the surgeon 
must decide whether it is best to cor- 
rect the abnormality or to ablate the 
socket. In three of the patients de- 
scribed here, the presence of severe 
ocular surface disease, although be- 
nign, decreased the probability of the 
patient wearing a prosthesis. Two of 
the three patients had severe cicatri- 
cial pemphigoid, and one patient had a 
severe alkali burn. 

Similar disease had existed in the six 
patients described by Naquin.' One of 
his patients had undergone enucleation 
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the implant. 


Fig 8.—An orbital implant is placed, with muscle being imbricated over 





Fig 9.—Frontal view of patient 2 one week after operation. 


Extirpation of the Conjunctiva, Tarsi, and Lid Margin 


Clinical Diagnosis and Procedure Type 


Patient 


No. Diagnosis 


———— ee 


Procedure 





Cicatricial pemphigoid 


Naquin* 





Conjunctival malignant melanoma 


Modifiedt 





Cicatricial pemphigoid 


Modified 








Alkali burn 








Conjunctival malignant melanoma 


Choroidal melanoma with extrascleral extension to bulbar conjunctiva 


Naquin 
Modified 
Modified 








Ciliary body melanoma with extrascleral extension to bulbar conjunctiva 


Modified 











Squamous cell carcinoma of conjunctiva 


Squamous cell carcinoma of conjunctiva 


Modified 
Modified 








OSO/OINIO/HA) S/O! NM/)=— 





Squamous cell carcinoma of conjunctiva 


Modified 


* Naquin’s procedure’ included circumferential peritomy with removal of the globe followed by excision of the 


lid margin, tarsi, and conjunctiva. 


+Modified procedure included en bloc excision of lid margin, tarsi, and conjunctiva with simultaneous enucle- 


ation of the globe. 


10 years earlier for an alkali burn; the 
socket was subsequently ablated, and 
the harvested conjunctiva was used to 
correct lid abnormalities in the fellow 
eye. 

Naquin suggested other indications 
for the procedure, including advanced 
age or mental disability, that would 
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prevent a patient from caring for the 
socket or prosthesis. The required dai- 
ly care of the socket and the prosthesis 
will add to the burden of those caring 
for the patient. Socket ablation may 
also be preferable in a patient with 
severe mental retardation who dis- 
plays self-abusive characteristics and 
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Total Exenteration —— 


Subtotal Exenteration s.. 


Enucleation With 
Socket Ablation 





Fig 10.—Comparative surgical dissection planes in total orbital exenteration, subtotal orbital 
exenteration, and enucleation with socket ablation. 


who may have undergone removal of 
the eye following self-inflicted trauma. 
Patients with limited financial re- 
sources and those who do not want an 
artificial eye are also candidates for 
socket ablation. 

Socket ablation accomplished by ex- 
cision of the lid margin and conjunctiva 
may be performed coincident with or 
following removal of the eye by enucle- 
ation or evisceration. The modification 
of Naquin’s technique described herein 
allows its use in the treatment of pa- 
tients with conjunctival epithelial ma- 
lignant neoplasms. With planes of dis- 
section being carried distal to the 
ocular fornices, the technique repre- 
sents an en bloc excision without any 
of the disadvantages associated with 
conventional orbital exenteration. The 
latter technique, a deforming proce- 
dure in which orbital tissues are re- 
sected, produces a facial defect often 
unacceptable to the patient and ob- 
servers. In contrast, the procedure 
described by Naquin and the modified 
technique described here sacrifice only 
the globe and those tissues of or adja- 
cent to the ocular surface (Fig 10). 
Orbital exenteration can be complicat- 
ed by a prolonged healing phase, sino- 
orbital fistulas, mucosal migration 
with problems of orbital hygiene, and 
orbital cold sensitivity-complications 
not seen with a more limited proce- 
dure. Numerous techniques, including 
temporalis muscle transfer and dermal 
fat grafts,” have been designed to cor- 
rect the undesirable defect of orbital 
exenteration. 

The en bloc excision of conjunctival 
malignant disease as described in this 
report is useful only when the disease 
is present on the ocular surface, not 
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deep within the orbital tissues. Thus, 
the procedure would be useful in pa- 
tients with sebaceous carcinoma and 
diffuse pagetoid spread, in whom inva- 
sive disease is not present within the 
conjunctival fornices. The procedure 
may be accompanied by full-thickness 
lid resection if necessary, to eradicate 
the invasive (eyelid) portion of the 
tumor. In addition, patients who have 
conjunctival melanoma with diffuse in- 
traepithelial disease or patients with 
choroidal melanoma and extrascleral 
extension to the bulbar conjunctiva 
may also benefit from this procedure. 
Although the role of orbital exentera- 
tion remains ill defined in the treat- 
ment of choroidal melanoma with ex- 
trascleral extension,” an enucleation 
with socket ablation in our two pa- 
tients who showed bulbar conjunctival 
extension of a primary choroidal mela- 
noma was cosmetically more accept- 
able than the deformity that would 
have resulted from a conventional or- 
bital exenteration. Enucleation with 
socket ablation may also be recom- 
mended for carcinoma of the conjuncti- 
va unresponsive to other forms of 
treatment. 

Invasive disease within the conjunc- 
tival fornix and full-thickness invasion 
of the eyelid are relative contraindica- 
tions to the en bloc enucleation-socket 
ablation procedure. Invasive disease in 
the conjunctival fornices may involve 
orbital fat and make it difficult to 
achieve posterior orbital margins. In 
addition, although the placement of an 
orbital implant for volume replacement 
may theoretically mask local recur- 
rence, this has not been problematic. 

In the technique described, the 
lashes are necessarily sacrificed. One 


may attempt to spare the lashes by 
placing the initial incision on the tarsal 
conjunctival surface 1.5 mm from the 
lid border. However, in patients with 
diffuse conjunctival malignant neo- 
plasms, that sparing of the lashes may 
risk incomplete excision of the neo- 
plasm. If the goal is to eliminate irrita- 
tion of this socket, the remaining con- 
junctiva may serve as a source of 
continued drainage. In these in- 
stances, excision of the lid margin is 
essential. 

In all our cases, histologic evaluation 
showed margins free of tumor, and no 
local recurrences were observed dur- 
ing a mean follow-up period of 3 years. 
Although total or subtotal exentera- 
tion may be required to treat certain 
diseases, the less radical procedure of 
enucleation with removal of only the 
conjunctiva, tarsi, and lid margins is 
possible in selected cases of ocular 
surface malignant disease. 

All our patients were content with 
the cosmetic results of the surgery. 
The advantages of the procedure in- 
clude freedom from continued secre- 
tion and irritation from a socket inca- 
pable of containing a prosthesis and 
freedom from an unsightly empty or- 
bital cavity. All patients considered 
the enucleation with socket ablation 
preferable to an empty draining socket 
incapable of retaining a prosthesis or 
to the cosmetic deformity of an exen- 
terated orbit. For patients such as 
these, one should consider simulta- 
neous enucleation with extirpation of 
the conjunctiva, tarsi, and lid margin. 
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New Instrument 





Introducing the Reiss Punctal Punch 


Jeffrey Paul Edelstein, MD, George Reiss, MD 


è We describe a new instrument spe- 
cifically designed to perform a “wedge” 
punctoplasty. The Reiss punctal punch 
was designed to be an enhancement of 
the one-snip punctoplasty by providing 
greater uniformity and improved tear ac- 
cess to the punctum via an excised pos- 
terior tissue wedge as well as inhibiting 
reapproximation of the cut edges leading 
to recurrent punctal stenosis. 

(Arch Ophthalmol. 1991;109:1310) 


unctal stenosis is a frequent cause 

of symptomatic epiphora. The 
treatment of punctal stenosis has a 
high success rate, particularly when 
the lacrimal pump function is main- 
tained.'” Historically, the one-snip 
punctoplasty has been the most widely 
used since it is a simple office proce- 
dure and preserves the function of the 
lacrimal ampulla.’’ However, it has 
been our experience that recurrent 
punctal stenosis following the one-snip 
punctoplasty frequently occurs as a 
result of healing with reapproximation 
of the cut edges. 

The various methods used to aug- 
ment punctal size include the follow- 
ing: punctal dilation; the one-snip, two- 
snip, or  three-snip punctoplasty; 
electrocautery; laser treatment; “punc- 
tal puckering” with suture placement; 
temporary punctal stenting (ie, suture, 
steel rod, silicone, punctal plugs); and 
use of the Holth or Haitzpunches.'* 

The Reiss punctal punch (instru- 
ment SP6-21392, Storz Instrument Co, 
St Louis, Mo) (Figure) was designed to 
be an enhancement of the one-snip 
punctoplasty by providing greater uni- 
formity and improved tear access to 
the punctum via an excised posterior 
tissue wedge and inhibiting recurrent 
punctal stenosis from healing of the cut 
edges. 


METHODS 


The procedure is best performed at the 
slit-lamp or with magnifying loupes, al- 
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The Reiss punctal punch is designed to remove a posterior wedge of tissue to prevent punctal 
edge reapproximation. 


though it may be performed under direct 
visualization. After informed consent is ob- 
tained, topical anesthesia is administered to 
the punctum with a proparacaine-soaked 
cotton-tipped applicator for 1 minute. The 
punctum is carefully dilated with a 00-0 
Quickert-Dryden probe (Storz) or similar 
dilating device. The tapered end of the 
Reiss punctal punch is placed into the punc- 
tum to its fullest extent (usually about half 
way) with the eyelid in a slightly everted 
position. This allows for optimum position- 
ing for excising a smooth wedge of tissue. 

A wedge of the conjunctival portion of 
the punctum is excised with a single, quick 
snip of the punch. This leaves a funnel- 
shaped excision posterior to the open punc- 
tum. There is little or no bleeding associ- 
ated with the excision. When desired, a 
second snip allows deeper access to the 
vertical canaliculus and a wider excision of 
the tissue wedge. Treatment with a topical 
antibiotic-steroid drop (ie, neomycin, poly- 
myxin B sulfates, and dexamethasone 
{Maxitrol]) is recommended for 1 week fol- 
lowing the procedure. 


COMMENT 


The Reiss punch is an improvement 
over the glaucoma punches (Holth/ 
Haitz)’ previously used for puncto- 
plasty since it is specifically designed 
for use on the punctum. The glaucoma 
punches were designed to provide a 
larger opening and do not engage the 
punctum internally. As such, the glau- 
coma punches are more difficult to use, 
fail to provide a consistent result, and 
may damage the lacrimal ampulla. 

Our preliminary experience with the 
Reiss punch indicates that it is effec- 
tive and easy to use and has several 
advantages over other methods used 
for punctoplasty. The Reiss punch pro- 
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vides a uniform punctal opening. The 
excision of a conjunctival wedge cre- 
ates a “funnel effect” in which tears 
are drawn toward the opened punc- 
tum. This allows tear access from the 
lacrimal lake to the punctum, even in 
the presence of mild degrees of ectro- 
pion (within 1 mm of the lacrimal lake). 
The graded taper of the cutting blade 
prevents destruction of the lacrimal 
ampulla and allows adjustment of the 
excised tissue wedge. The excision of a 
tissue wedge prevents apposition of 
the cut edges. The instrument is self- 
sharpening, which allows greater pa- 
tient comfort. Finally, the Reiss punch 
may be used in combination with other 
procedures to reposition the eyelid 
and/or punctum. 


The authors and associated relatives have no 
commercial, proprietary, or financial interest in 
the Reiss punch and receive no compensation 
related to the punch from the Storz Instrument 
Co, St Louis, Mo. 
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WITH 
BIOMATRIX 


(HYDROXYAPATITE) 





OCULAR IMPLANT™ 





e Truly Stable o 


e Becomes a Living Part of the Orbit ¢ 


The Achievment... 


sets a new standard for both 
motility and stability in ocular 
implants. No other implant even 
comes close. Your patients will 
be impressed by the subtle, 
natural darting movements now 
possible for their artificial eye. 
You will be impressed by the 
long term performance of the 
only implant design that resists 
the problem of extrusion and 
migration common to all other 
implant designs. 


The Material... 


- porous hydroxyapatite - is the 
same material as the mineral 
portion of human bone. Its well 
proven biocompatibility prevents 
pseudocapsule formation and 
allows an unprecedented degree 
of fibro-vascular ingrowth into 
the implant. Once invested with 
the body’s own living tissue, the 
BIOMATRIX OCULAR IM- 
PLANT™ becomes a truly 
integrated implant. 


For More Information Call TOLL FREE or Contact: 


Integrated Orbital Implants, Inc. 


The Structure... 

mimics the unique 
microarchitecture of human 
cancellous bone. Each pore 
interconnects with every other 
pore. This unique structure is 
what make the BIOMATRIX 
OCULAR IMPLANT™ the most 
stable, truly integrated ocular 
implant ever designed. 


12526 High Bluff Drive, Suite 300-115, San Diego, CA 92130 / 1-800-424-6537 ext 115 or (619) 792-3565 ext 115 / FAX (619) 755-8348 
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Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
inclusion in the list free of charge. Listings will be published for 3 consecutive months and 
should be received at least 5 months prior to date of course, eg, for a June course by Jan 1 
to be included in the March, April, and May issues. A course held between the first and 
14th days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Anne Meltzer, Archives of Ophthalmology, CME, 
600 N Wolfe St, Baltimore, MD 21205. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


CALIFORNIA 


Second Internati Mtg: “Volunteer Eye-Sur- 
geons’ Assn” & Third-World “Free Sight-Res- 
toration” Groups At: Anaheim Dates: 10/11/91 
to 10/12/91 Contact: Robert C. Welsh, MD, 1600 


Onaway Dr, Miami, FL 33133; (805) 856-1375 
(evenings) 
22nd Ann Scientific Symp of the American Soc 


of Ophthalmic Plastic & Reconstructive Surg 
At: Anaheim Date: 10/12/91 Contact: Bradley 


N. Lemke, MD, 1025 Regent St, Madison, WI 
53715; (608) 258-4520 


Adv Cataract & Intraocular Lens Surg At: Ana- 

heim Date: 10/12/91 Sponsor: Soc for Excellence 
in Eye Care & the Univ of Illinois, Dept of 
Ophthalmol Reg Fee: $200 Contact: Cathie 
Kemp, Carolina Eye Assoc, 2170 Midland Rd, 
Southern Pines, NC 28387; 1-800-334-4140 


1991 Joint Mtg of the American Acad of Ophth- 
almol & the Pan-American Assn of Ophthal- 
mol At: Anaheim Dates: 10/13/91 to 10/17/91 
Contact: Mtgs Dept, American Acad of Ophthal- 
mol, PO Box 7424, San Francisco, CA 94120- 
7424 


Med & Surg Retina in the 1990s At: Beverly 
Hills Dates: 10/11/91 to 10/12/91 Hrs Instr: 16 
Reg Fee: $500 Contact: Gretchen Falvo, Dir of 
Academic Prgms, Jules Stein Eye Inst, 100 Stein 
Plaza, UCLA, Los Angeles, CA 90024-7000; 
(213) 825-4617; FAX (213) 206-3652 
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THE NEW YORK HOSPITAL- 
CORNELL UNIVERSITY MEDICAL COLLEGE 
DEPARTMENT OF OPHTHALMOLOGY 


ANNOUNCES THE COMBINED 
DEDICATION OF MARGARET M. DYSON 


ALUMNI MEETING AND 


VISION RESEARCH INSTITUTE 


November 14-16, 1991 


November 18, 1991 


Robert M. Ellsworth, M.D. GUEST LECTURERS: 
McLean Medal Award and Lecture 
Matthew LaVail, Ph.D. 
Beckman Vision Center, U.C.S.F. 
GUEST LECTURERS: Frederic Jakobiec, M.D., Ph.D. 
Mass. Eye & Ear, Harvard Med. School 
Richard Green, M.D. 


Wilmer Eye Institute, Johns Hopkins 
Lorenz Zimmerman, M.D. 

Georgetown University Medical School 
Evan Gragoudas, M.D. 

Mass. Eye & Ear, Harvard Med. School 


RESEARCH SYMPOSIUM 
Faculty Of Cornell Medical School, 


Memorial-Sloan Kettering Cancer Center 
Rockefeller University 


For more information contact: Suzanne M. Woods, R.N., Department of Ophthalmology, 
The New York Hospital, 525 East 68th Street, New York, NY 10021 (212) 746-2504. 


THE FOURTH OKLAHOMA 
NEURO-OPHTHALMOLOGY COURSE 


THE BASICS OF 
NEURO-OPHTHALMOLOGY 


Emphasizing the following: The Neuro- 
Ophthalmologic Exam, The Pupil, 
Visual Loss Workup, Optic Nerve Djs- 
orders, Diplopia Workup, Motility Dis- 
orders, Headache, Visual Fields, Chias- 
mal and Parasellar Disease, Thyroid 
Eye Disease, Myasthenia Gravis, 
Strokes, Pseudotumor Cerebri, and 
other entities. 


OCTOBER 24-25, 1991 
OKLAHOMA CITY, OKLAHOMA 
WATERFORD HOTEL 


J. LAWTON SMITH, M.D. 


JOHN A. McCRARY, M.D. 
BRADLEY K. FARRIS, M.D. 


SPONSORED BY 
THE DEPARTMENT OF OPHTHALMOLOGY 
DEAN A. MCGEE EYE INSTITUTE 


IN CONJUNCTION WITH 
THE OFFICE OF CONTINUING MEDICAL EDUCATION 
THE UNIVERSITY OF OKLAHOMA HEALTH SCIENCES CENTER 
COLLEGE OF MEDICINE 
OKLAHOMA CITY, OKLAHOMA 


The University of Oklahoma College of Medicine is 
accredited by the Accreditation Council for Con- 
tinuing Medical Education (ACCME) to sponsor 
continuing medical education for physicians 


The Office of Continuing Medical Education of the 
University of Oklahoma College of Medicine desig- 
nates this continuing medical education activity 
as meeting the criteria for 11 credit hours in 
Category I of the Physician's Recognition Award of 
the American Medical Association. 


For further information contact the Office of Continu- 
ing Medical Education at 405/271-2350. 


THE DIVISION OF OPHTHALMOLOGY 
SAINT LUKE'S HOSPITAL 
CLEVELAND, OHIO 


announces the 
SIXTH ANNUAL 
TILLES-WEIDENTHAL LECTURE 


to be presented by 
Gary C. Brown, M.D. 
Jefferson Medical College 


Advances in Diagnosis and Treatment 
of 
Retinal Vascular Diseases 


Saturday, October 26, 1991 
8:00 a.m. to 12:00 p.m. 
Prentiss Auditorium 
Saint Luke's Hospital 


Application has been made for 3 hours 
of Category I CME credit at Case Western Reserve University 


For further information, contact: 


Daniel T. Weidenthal, M.D. 
Division of Ophthalmology 
Saint Luke's Hospital 
11311 Shaker Boulevard 
Cleveland, OH 44104 
(216) 368-7146 


GUEST FACULTY 


Howard Fine, M.D. 


LSU FACULTY 


Stuart Ball, M.D. 
Bruce Barron, M.D. 


LSU A EYE A CENTER Herbert Kautman; 
OPHTHALMOLOGY 4 UPDATE 4 COURSE || Stephen Kiyce. Ph.D. 


DECEMBER 1-5, 1991 
The Ritz-Carlton 
Mauna Lani, Hawaii 
Additional guest 
faculty includes 


Japan’s leading 
Ophthalmologist 


Registration Limited * CME Credits Available 
Registration Fee: $495 ` 


M.D. 


Phacoemulsification 
Excimer laser 
Refractive surgery 
Corneal topography 
Herpetic eye disease 
Endophthalmitis 
Diabetic retinopathy 
CMV retinitis 

Uveal melanomas 
Glaucoma surgery 


For further information contact: 
Emily Varnell 
LSU Eye Center 
2020 Gravier Street, Suite B 
New Orleans, LA 70112 * (504) 568-6700, ext. 336 





Marguerite McDonald, 


Gholam Peyman, M.D. 


TOPICS INCLUDE 
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The 





Wilmer 


Ophthalmological Institute at Johns Hopkins 


Current Concepts in Ophthalmology 
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An Update On Refractive Corneal Surgery 
(RK, Excimer Laser, and Epigraft), Cataracts, 
Phacoemulsification, IOLs, Lasers, Glaucoma, 

Strabismus, Uveitis, Retinal Diseases, and 

Other Recent Developments 


Special Features: 


e Hands-On Excimer Laser Wet Lab 
(Maryland - additional fee) 


e Hands-On Phacoemulsification Wet Lab 
and Small-Incision IOL Insertion 
(Maryland, Puerto Rico, and Colorado - 
additional fee) 


e Hands-On Vitrectomy Workshop for the 
Anterior Segment Surgeon (Maryland, 
Puerto Rico, and Colorado - additional 
fee) 


e Automated Visual Fields Interpretation 
and Use of Statistical Analysis 
Symposium (Maryland, Puerto Rico, and 
Colorado - included in registration fee) 





e Seminar for Spouses (Puerto Rico and 
Colorado) 
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4th Annual Meeting 


December 12 - 14, 1991 
Course Directors 


Walter J. Stark, M.D. 
Neil R. Miller, M.D. 


Special Guest Lecturers 
Jack M. Dodick, M.D. 


Ronald G. Michels Memorial Lecture 
Stephen J. Ryan, M.D. 








Wilmer Institute Faculty 
Morton F. Goldberg, M.D. 
W. Richard Green, M.D. 
David L. Guyton, M.D. 
Douglas A. Jabs, M.D. 
Allan D. Jensen, M.D. 

A. Edward Maumenee, M.D. 
Irene H. Maumenee, M.D. 
Arnall Patz, M.D. 

Harry A. Quigley, M.D. 
Other Wilmer Institute Faculty 


The Friday afternoon session will be co-sponsored 
by the MARYLAND SOCIETY OF EYE PHYSICIANS 
AND SURGEONS. 


Credit: 20 AMA Category 1 
Registration Fee: $300, $250 (those in training) 














DORADO, PUERTO RICO 


14th Annual Meeting 
February 9 - 16, 1992 








Course Directors 
Walter J. Stark, M.D. 
David L. Guyton, M.D. 


Faculty 

Neil M. Bressler, M.D. 
Jack M. Dodick, M.D. 
John D. Gottsch, M.D. 
Julia A. Haller, M.D. 
Henry D. Jampel, M.D. 
David A. Karcher 

Alan G. Palestine, M.D. 
Harry A. Quigley, M.D. 
Others To Be Announced 








Credit: 30 AMA Category 1 


Registration Fee: $500, $350 (those in training) 
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VAIL, COLORADO 



































9th Annual Meeting 
March 14 - 21, 1992 


(corresponds with spring break for many schools) 


Course Directors 
Walter J. Stark, M.D. 
Harry A. Quigley, M.D. 


Faculty 

Steven T. Charles, M.D. 
H. Dunbar Hoskins, Jr., M.D. 
Douglas A. Jabs, M.D. 
Douglas D. Koch, M.D. 
Richard L. Lindstrom, M.D. 
Peter J. McDonnell, M.D. 
Richard P. Mills, M.D. 
Terrence P. O’Brien, M.D. 
Ronald E. Smith, M.D. 
Others To Be Announced 











Credit: 30 AMA Category 1 
Registration Fee: $500, $350 (those is training) 











Information: Office of Continuing Education, Johns Hopkins Medical Institutions, 
Turner 20, 720 Rutland Avenue, Baltimore, Maryland 21205-2195, (301) 955-2959 











EN THE SCHEIE EYE INSTITUTE 
UNIVERSITY OF PENNSYLVANIA DEPARTMENT OF OPHTHALMOLOGY 


CONTEMPORARY MANAGEMENT OF 
AGE-RELATED MACULAR DEGENERATION: 
PEARLS FOR THE PRACTICING OPHTHALMOLOGIST 


SAT. NOV. 16, 1991 - SCHEIE EYE INSTITUTE - 8:00 AM - 4:30 PM 


COURSE DESCRIPTION 


Data generated by the Macular Photocoagulation Study (MPS) have guided ophthalmologists for 
the past decade in the management of patients with age-related macular degeneration (AMD). Recent 
information concerning management of subfoveal neovascularization will change even further our 
management of patients with AMD. 

The course will include didactic lectures and a moderated discussion after each lecture. Case presen- 
tations with discussion of fluorescein interpretation and patient management by panelists and by the 
audience will be the main feature. 

This course will contain real pearls for the practicing ophthalmologist. Don’t miss it! 


TOPICS 


Five-year treatment results from the Macular Photocoagulation Study 
Management of patients with subfoveal neovascular lesions 
Effect of hypertension, over-treatment and under-treatment on visual outcome of laser-treated patients 
The problem of persistent and recurrent leakage after laser treatment 
Occult neovascularization: recognition and management 
The importance of stereo-angiography in the detection of occult choroidal neovascularization 
The importance of the fellow eye in predicting recurrence in the treated eye and 
development of new vessels in the fellow eye 
Laser wavelength: does it matter? 
Clinico-pathologic correlation of occult choroidal neovascularization 
Public health and epidemiologic aspects of AMD 
The role of nutritional supplements 
Is there a role for vitrectomy in the management of fibrovascular scars? 
Low vision aids now and in the future 


Course Director: Stuart L. Fine, M.D., Professor of Ophthalmology, Director, Scheie Eye Institute 


FACULTY 


JUDITH ALEXANDER FREDERICK L. FERRIS, M.D. MAUREEN G. MAGUIRE, Ph.D. 
MPS Reading Center, Baltimore National Eye Institute, Bethesda MPS Coordinating Center, Baltimore 


NEIL M. BRESSLER, M.D. STUART L. FINE, M.D. ARNALL PATZ, M.D. 
MPS Reading Center, Baltimore Scheie Eye Institute, Philadelphia Wilmer Eye Institute, Baltimore 


SUSAN B. BRESSLER, M.D. W. RICHARD GREEN, M.D. ANDREW P. SCHACHAT, M.D. 
MPS Reading Center, Baltimore Wilmer Eye Institute, Baltimore Wilmer Eye Institute, Baltimore 


ALEXANDER J. BRUCKER, M.D. BARBARA S. HAWKINS, M.S. JANET D. STEINBERG, O.D. 
Scheie Eye Institute, Philadelphia MPS Coordinating Center, Baltimore Scheie Eye Institute, Philadelphia 
AMA-CME CATEGORY ONE: 8 HOURS CREDIT 


TUITION: Practicing Physicians: $200.00 
Residents and Fellows: $ 75.00 (Accompanied by a letter from Chief of Service or Chairman) 
FOR REGISTRATION AND FURTHER INFORMATION PLEASE CONTACT: 


Charlotte B. Beurer, Office of Continuing Education 
Scheie Eye Institute, 51 N. 39th Street, Philadelphia, PA 19104, (215) 662-8141 
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The Retinal Vascular Center 


The 


Wilmer 


Ophthalmological Institute 
at Johns Hopkins 








DIABETIC 
RETINOPATHY 


Management of Diabetic Retinopathy: 
Application of Guidelines from 1991 
ETDRS Publications 


Friday, November 15, 1991 


This course will stress diagnosis and treatment 
of all forms of diabetic retinopathy, applying and 
interpreting the results of available studies, in- 
cluding results of the Early Treatment Diabetic 
Retinopathy Study (ETDRS). Cases will be 
presented to encourage active participation and 
discussion between registrants and faculty. The 
faculty, including principal investigators of the 
ETDRS, will stress: 


e How the ETDRS findings will change their 
practice patterns 


e Recognition of stages of retinopathy for 
treatment with photocoagulation to prevent 
or reduce risk of visual loss 


e Diagnosis and photocoagulation of diabetic 
macular edema 


e Treatment of severe nonproliferative and 
proliferative retinopathy 


Course Director 
Andrew P. Schachat, M.D. 


Special Guest Faculty 
Lloyd M. Aiello, M.D. 
George W. Blankenship, M.D. 
George H. Bresnick, M.D. 
Frederick L. Ferris Ill, M.D. 


and 
The Wilmer Faculty 


Location 
Johns Hopkins Medical Institutions 
Baltimore, Maryland 


Course Fee 
$200 
$100 (those in training) 


Continuing Education Credit 
8 AMA Category 1 














CONTINUING EDUCATION PROGRAMS 


e Recent Advances in the Management of 
Age-Related Macular Degeneration: 
Guidelines from 1991 MPS Publications 


January 25, 1992 
Baltimore, Maryland 


Laser Technology in Retinal Diseases — 
Current Concepts 


May 16, 1992 
Baltimore, Maryland 





For Further Information — Office of Continuing Education, Johns Hopkins Medical Institutions, Turner 20, 


e 22nd Anniversary Meeting of the Retinal 


Vascular Center 


The Retinal Pigment Epithelium in Health 
and Macular Degeneration: 

A Symposium for Clinicians and Basic 
Scientists 


June 5 - 6, 1992 
Baltimore, Maryland 
Diabetic Retinopathy 
October 23, 1992 
Baltimore, Maryland 





720 Rutland Avenue, Baltimore, Maryland 21205-2195, (301) 955-2959 








All courses will be 

held at Manhattan 

Eye, Ear & Throat 
Hospital in New York City 
and have CME 


Category | Accreditation. 


For further information 


contact: Kimberly Corbin, 


Course Coordinator, 
Department of 
Ophthalmology, 
Manhattan Eye, Ear 
& Throat Hospital, 
210 East 64th Street, 
New York, NY 10021 
(212) 605-3761 

Fax: (212) 753-7699 





Manhattan Eye, Ear & Throat Hospital 
1991-92 CME Courses 


October 4-5, 1991 

1991 Glover-Lisman Professorship 
Visiting Professor: David L. Guyton, M:D, 

The Wilmer Institute, Johns Hopkins‘Hospital 


November 16, 1991 

Corneal Frontiers 1991 =A Microsurgical Video Conference 
Course Directors: Sandra L. Belmont, M.D. & Richard Gibralter, M.D. 

Current corneal surgical techniques will be presented using a-unique veo format. 


January 10-11, 1992 

Lasers in Ophthalmology: An Advanced Course 

in Ophthalmic Laser Surgery 

Course Director: Jason SlakteryM.D: 

This program will provide an update on the “state of the art” in GLAUCOMA, 
OCULOPLASTIC, RETINA-and CORNEA-CATARACT laser surgery and will cover indications, 
contraindications and complications of laser treatment. 


February 1, 1992 

Glaucoma Seminar - Live Surgery 

Course Directors: Raymond L. Harrison, M.D. & Maurice-Luntz, M.D. 

LIVE TELEVISED procedures including Holmium laser filtering surgery, YAG laser contact 
cilio-ablation, sub-scleral Scheie filtration and Molteno implant surgery will be covered at 
this comprehensive review of contemporary glaucoma practice. 


Center is ready t 
subscription qu 
in minutes. 


American Medical Association 
Physicians dedicated to the health of America 
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The Retinal Vascular Center 


The 

Wilmer 

Ophthalmological Institute 
at Johns Hopkins 


RECENT ADVANCES IN THE MANAGEMENT OF 
AGE-RELATED MACULAR DEGENERATION: 
Guidelines from 1991 MPS Publications 


January 25, 1992 
Course Co-Directors: Neil M. Bressler, M.D. and Andrew P. Schachat, M.D. 


COURSE DESCRIPTION: 


The program is designed to review recently published information, predominantly from the Macular Photocoagula- 
tion Study, that will have an impact on the management of patients with age-related macular degeneration and 
subfoveal choroidal neovascularization, including recurrences that extend through the foveal center. Other topics 
will include results of studies evaluating red vs. green wavelengths for treatment of choroidal neovascularization, 
clinicopathologic correlates of interest to clinicians, as well as an update on surgery, cellular biology and low 
vision in the management of age-related macular degeneration. 


The course will be appropriate for both general ophthalmologists, who will be updated on what cases should 
be referred for treatment, as well as retinal specialists who should gain an in-depth knowledge of how to treat 
choroidal neovascularization secondary to age-related macular degeneration which occupies the foveal center, 
and for which no previous treatment benefit had been definitively justified prior to this year. Cases that highlight 
the major topics of discussion will be presented for discussion by the faculty with audience participation. 


TOPICS: 


e Guidelines for Angiographic Evaluation Green Versus Red Laser: Does It Matter? 

è Treatment of Subfoveal Neovascular Lesions “Over” and “Under” Treatment 

¢ Prevention and Treatment of Recurrent Clinicopathologic Correlation of Treatment 
Choroidal Neovascularization Update on Low Vision in AMD 

¢ Treatment of Pigment Epithelial Detachments Role of Surgery and Cellular Biology in AMD 


GUEST FACULTY: 


Lawrence A. Yannuzzi, M.D. Stuart L. Fine, M.D. 
New York, New York Philadelphia, Pennsylvania 





WILMER INSTITUTE FACULTY: 


Judith Alexander, B.A. i Daniel Finkelstein, M.D. Julia A. Haller, M.D. 
Susan B. Bressler, M.D. Morton F. Goldberg, M.D. Barbara S. Hawkins, M.S. 
Peter A. Campochiaro, M.D. W. Richard Green, M.D. Maureen G. Maguire, Ph.D. 


LOCATION: CONTINUING EDUCATION CREDIT: 


Thomas B. Turner Building 8 AMA Category 1 
Johns Hopkins Medical Institutions 
Baltimore, Maryland FOR FURTHER INFORMATION: 


Office of Continuing Education 
FEES: Johns Hopkins Medical Institutions 
$200 Turner 20, 720 Rutland Avenue 
$100 (residents and fellows Baltimore, Maryland 21205-2195 
with letter verifying status) (301) 955-2959 
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Uveitis & Retina Frontiers: Diagnostic, Med & 
Surg Approaches At: Carmel Dates: 9/13/91 to 
9/15/91 Contact: Univ of California, Extended 
Prgms in Med Educ, Room LS-105, San Francis- 
co, CA 94143-0742; (415) 476-4251; FAX (415) 
476-0318 


Clin Glaucoma in the 1990s: Thematics & Prag- 

matics At: San Francisco Dates: 9/27/91 to 
9/28/91 Symp: “Clin Decisions for Glaucoma 
Mgmt” Workshop: “Glaucoma: Diagnostic & 
Therapeutic Mastery” Hrs Instr: 9 Workshop 
Fee: $100 Contact: Joni Beemsterboer, Pacific 
Vision Foundation, 2340 Clay St, San Francisco, 
CA 94115; (415) 923-3423 


FLORIDA 


1991 Bascom Palmer Clin Retina Update 
Course At: Miami Dates: 12/6/91 to 12/7/91 Hrs 
Instr: 7.5 Reg Fee: $160 Contact: CE in Ophth- 
almol, PO Box 015869, Miami, FL 33101; (305) 
326-6099 


Three Steps to Phaco At: Orlando Dates: 
11/15/91 to 11/16/91 Contact: Tami Willems, 
IOLAB Corp, 500 IOLAB Dr, Claremont, CA 
91711; (800) 428-1871 or (800) 352-1891 (inside 
Calif) 


Next Step to Phaco At: Orlando Dates: 11/15/91 
to 11/16/91 Contact: Tami Willems, IOLAB 
Corp, 500 IOLAB Dr, Claremont, CA 91711; 
(800) 423-1871 or (800) 352-1891 (inside Calif) 


GEORGIA 


Pediatric Ophthalmol At: Atlanta Date: 9/20/91 
Hrs Instr: 5.5 Sponsors: Emory Univ Sch of 
Med & Med Coll of Georgia Contact: Dept of 
CME, Emory Univ Sch of Med, 1440 Clifton Rd, 
Atlanta, GA 30322; (404) 727-5695 


Curr Neuro-Ophthalmol At: Atlanta Date: 
12/6/91 Hrs Instr: 6 Contact: Emory Univ Sch of 
Med, CME, 1440 Clifton Rd, Atlanta, GA 30322; 
(404) 727-5695 


HAWAII 


Ophthalmol Update Course At: Mauna Lani 
Dates: 12/1/91 to 12/5/91 Reg Fee: $495 Contact: 
Emily Varnell, LSU Eye Center, 2020 Gravier 
St, Suite B, New Orleans, LA 70112; (504) 568- 
6700, ext 336 


ILLINOIS 


Univ of Ill (UIC) Eye Ctr Mtg At: Chicago Dates: 
9/13/91 to 9/14/91 Hrs Instr: 18 Reg Fee: $300 
Contact: UIC Eye Ctr Mtg, Univ of Illinois at 
Chicago, UIC Eye Ctr, Off of Spee Prgms, 1855 
W Taylor St, Chicago, IL 60612; (312) 996-4747 


LOUISIANA 


Surg Correction of Spherical & Aspherical Cor- 
neas (How to Perform Safe & Effective Radial 
& Astigmatic Keratotomy) At: New Orleans 
Dates: 9/20/91 to 9/21/91 Sponsor: Tulane Univ 
Med Ctr, Off of CE Hrs Instr: 11 Reg Fee: $900, 
didactic sessions & hands-on lab Contact: Off of 
CE, 1440 Canal St, Box 55, Suite 1611, New 
Orleans, LA 70112-2699; (504) 588-5466; FAX: 
(504) 584-1779 
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MARYLAND 


Diabetic Retinopathy Course At: Baltimore 
Date: 9/20/91 Reg Fee: $225; $75 for residents, 
fellows & allied health personnel before 8/15/91 
Sponsors: Retina Ctr at St Joseph Hosp & 
American Diabetes Assn Contact: Ruby Rich- 
ardson, Conf Coord, PO 20 000, Baltimore, MD 
21284; (310) 337-4500 


Mgmt of Diabetic Retinopathy: Application of 
Guidelines from 1991 ETDRS Publication At: 
Baltimore Date: 11/15/91 Hrs Instr: 8 Reg Fee: 
$200, $100 for residents, fellows & allied health 
professionals Contact: Prgm Coord, The Johns 
Hopkins Med Inst, Office of CE, Turner Bldg, 
720 Rutland Ave, Baltimore, MD 21205; (301) 
955-2959 


Fourth Ann Wilmer Inst Current Concepts in 
Ophthalmol and Hands-on Excimer Laser & 
Phacoemulsification Wet Labs At: Baltimore 
Dates: 12/12/91 to 12/14/91 Hrs Instr: 20 Reg 
Fee: $300, $250 for those in training Contact: 
Prgm Coord, The Johns Hopkins Med Insts, Off 
of CE, Turner Bldg, 720 Rutland Ave, Balti- 
more, MD 21205; (301) 955-2959 


MASSACHUSETTS 


Neuroradiology, Head & Neck Radiology & 
Neuro MRI At: Boston Dates: 9/23/91 to 9/27/91 
Hrs Instr: 35 Reg Fee: $695 for combined course 
(9/23/91-9/27/91), $595 for residents & fellows; 
$530 for neuroradiology (9/23/91-9/26/91); $480 
for head & neck radiology (9/26/91-9/27/91) Con- 
tact: Harvard Med Sch, Dept of CE, Boston, MA 
02117; (617) 482-1526 


Ann Mtg of the American Coll of Veterinary 
Ophthalmologists (ACVD) At: Boston Dates: 
9/26/91 to 9/29/91 Contact: Judy Schramm, Cor- 
tez Travel Inc, 117 Lomas Santa Fe Dr, Solana 
Beach, CA 92075; (619) 755-5136 


Third Ann Massachusetts Eye & Ear Infirmary 
(MEEI) Neuro-Ophthalmic Fall Festival At: 
Boston Dates: 10/26/91 to 10/27/91 Hrs Instr: 11 
Reg Fee: $250, $100 for residents/fellows & 
other profs Contact: Harvard MED-CME, PO 
Box 825, Boston, MA 02117; (617) 4382-1525 


Extracranial Optic Nerve Decompression Mtg 
At: Boston Dates: 11/2/91 to 11/3/91 Sponsor: 
Dept of Ophthalmol & Otolaryngology, Massa- 
chusetts Eye & Ear Infirmary Contact: Michael 
P. Joseph, MD, Massachusetts Eye & Ear Infir- 
mary, 243 Charles St, Boston, MA 02114; (617) 
573-3192 


NEW JERSEY 


Symp for the Prac Ophthalmologist: Recent 
Adv in the Diagnosis and Surg Management 
of Lacrimal Disorders At: Englewood Date: 
9/21/91 Contact: Evelyn Le Clair, Course Coord, 
Englewood Hospital, 350 Engle St, Englewood, 
NJ 07631; (201) 894-3134 


NEW YORK 


Basic Sci Course in Ophthalmol At: New York 
Dates: 9/3/91 to 12/20/91 Hrs Instr: 154 Reg Fee: 
$1100 Contact: NYU Med Ctr, Postgrad Med 
Sch, 550 First Ave, New York, NY 10016; (212) 
263-5295 


Alumni Day 1991: Symp on Adv in Ocular Surg 
At: New York Date: 9/21/91 Hrs Instr: 5.5 Reg 
Fee: $125 Contact: NYU Postgrad Med Sch, 550 
First Ave, New York, NY 10016; (212) 263-5295 


First Harvey B. Taterka Lec At: New York Date: 
9/21/91 (during NYU Alumni Day 1991) Lectur- 
er: Robert B. Nussenblatt, MD Contact: NYU 


Med Ctr, Postgrad Med Sch; 550 First Ave, New 
York, NY 10016; (212) 263-5295 


Fall Mtg of the New York Soc for Clin Ophthal- 
mol At: New York Date: 11/9/91 Sponsor: Man- 
hattan Eye, Ear & Throat Hosp Contact: Fran- 
cine Leinhardt, 210 E 64th St, New York, NY 
10021; (212) 838-9200, ext 2776; FAX: (212) 832- 
9126 


Corneal & External Diseases 1991: A Current 
Perspective At: New York Dates: 12/6/91 to 
12/7/91 Hrs Instr: 12.5 Contact: Sylvia Sorren- 
tino, Conf Coord, The Inst for CME, The New 
York Eye & Ear Infirmary, Second Ave at 
Fourteenth St, New York, NY 10003; (212) 979- 
4444 or (212) 979-4430 


NORTH CAROLINA 


Univ of North Carolina Ophthalmol Residents’ 

Day At: Chapel Hill Date: 12/7/91 Contact: 
Christine C. Cotton, Dept of Ophthalmol, CB 
#7040, 617 Burnett-Womack Bldg, Univ of 
North Carolina, Chapel Hill, NC 27599-7040 


OREGON 


Ninth Ann Internatl Conf of the Benign Essen- 
tial Blepharospasm Res Found Inc At: Port- 
land Dates: 9/13/91 to 9/15/91 Contact: Benign 
Essential Blepharospasm Research Found Ine, 
PO Box 12468, Beaumont, TX 77726-2468; (409) 
832-0788 


WEST VIRGINIA 


12th Ann Ophthalmol Clin Conf At: Morgantown 
Dates: 11/1/91 to 11/2/91 Contact: Patricia Schu- 
mann, Conf Coord, Dept of Ophthalmol, West 
Virginia Univ Health Sci Ctr N, Morgantown, 
WV 26506; (304) 293-3757 


WISCONSIN 


Current Concepts in Ophthalmol At: Milwaukee 
Dates: 11/8/91 to 11/9/91 Contact: Tammy Co- 
nant, The Eye Institute, 8700 W Wisconsin Ave, 
Milwaukee, WI 53226 


FOREIGN 


16th Ann Pediatric Ophthalmol Day At: Montre- 
al, Quebec, Canada Date: 11/1/91 Reg Fee $25, 
advanced reg Contact: Jean Milot, MD, Chair- 
man of the Scientific Prgm, Dept of Ophthalmol, 
Hôpital Sainte-Justine, 3175, chemin Côte- 
Sainte-Catherine, Montreal, Quebec, Canada 
H8T 105; (514) 345-4714; FAX (514) 345-4805 


Neuro-Ophthalmol: A Rev & Update for Prac 
Ophthalmologists At: Toronto, Ontario, Cana- 
da Dates: 11/22/91 to 11/23/91 Contact: CE, 
Faculty of Med, Univ of Toronto, Med Sci Bldg, 
Toronto, Ontario, M5S 1A8, Canada; (416) 978- 
2718 


Internati Symp of the German Ophthalmologi- 
cal Soc (DOG): Update on Infectious Diseases 
of the Eye At: Miinster, Germany Dates: 
9/19/91 to 9/21/91 Contact: Alexander A. Biala- 
siewicz, MD, Univ Eye Hosp, Bonn, Sigmund 
Freud Str 25, 53 Bonn 1, Germany 


Internati Symp on Graves’ Ophthalmol At: Am- 
sterdam, the Netherlands Contact: Amsterdam 
Thyroid Club, c/o W. M. Wiersinga, MD, Dept of 
Endocrinology, F'5-258, Academic Med Ctr, Mei- 
bergdreef 9, 1105 AZ Amsterdam, the 
Netherlands 


Second Symp on Recent Developments in the 
Immunopathology of Intraocular Inflammation 
At: Aberdeen, Scotland Dates: 10/22/91 to 
10/25/91 Contact: Prof JV Forrester, Dept of 
Ophthalmol, Univ of Aberdeen, Med Sch, For- 
esthill, Aberdeen, Scotland AB9 2DY 
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Introducing STORZ 
PREMIERE SmallPort Phaco 


1990 STORZ 





Where Technique And 
Technology Go Hand In Hand 


? Waites 
if 
Standard phaco needle 
od 


7 4 
e 2 SmallPort™ needle 


Unique “small port’’ design allows increased aspi- 
ration levels while decreasing need for phaco power. 


Linear vacuum precisely controls the nucleus. 
Greater needle area results in efficient ultrasound. 


The reliable STORZ PREMIERE™ Microsurgical Sys- 
tem—A new standard in phaco control technology. 


Storz fulfills the promise of 
phacoemulsification. . . 


More than any other surgical innovation, 
phacoemulsification has revolutionized the art 
and science of cataract extraction. Now Storz 
Ophthalmics introduces a major breakthrough 
in phaco. PREMIERE SmallPort™ Phaco Micro- 
surgical System—an innovation that decreases 
the need for total phaco power by utilizing full 
range Venturi aspiration and maximizing 
acoustic power efficiency. 


The new PREMIERE SmallPort™ Phaco System 
is unique in that one handpiece may be used 
for the entire phaco procedure—from emulsify- 
ing the hard nucleus or aspirating a soft 
nucleus to cortical cleanup and polishing the 
capsule. There’s no need to exit and reenter 
the eye with a second instrument. 

The revolutionary SmallPort™ Phaco is availa- 
ble exclusively on the STORZ PREMIERE. The 
PREMIERE, the most advanced and reliable 
microsurgical system available, features precise 
Venturi pump technology for the maximum 

in surgeon control. With PREMIERE, you can 
finally perform phacoemulsification at its 

full potential. 


The Single Source for Small Incision Surgery™ 
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Classified Advertising 


All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or 
related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about "BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, c/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 


Box 











CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 times 
or more* 
Cost per word $1.05 $ .95 


Minimum ad: 20 words per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered one 
word, each abbreviation is considered one word, 
and figures consisting of a dollar sign and five 
numerals or less are considered one word. 
Cities and states consisting of two words or 
more are counted as one word: i.e., "New York" 
and "Salt Lake City". Zip code is considered one 
word and must appear in all ads. Telephone 
number with area code is considered one word. 
When box numbers are used for replies, the 


words "Box____, c/o AOP" are to be counted as 
three words. 

Classified Display 1 Time 3 times 

or more 

Full page $655 $603 
Two-thirds page 561 516 
One-half page 495 456 
One-third page 393 362 
One-sixth page 262 241 
Column inch 90 75 


Minimum display ad: one column inch 
12-time and 24-time rates available on request. 


Display Production Charge: The publication will 
pub-set advertisements upon request. The type- 
setting fee is 10% of the one-time ad cost shown 
above. Special requests will be billed to the adver- 
tiser and/or agency at the then prevailing rates. 


Box Service 

Available for all ads. The cost is $15.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly mailed 
directly to you. 

Closing Date 

The 25th of the second month prior to issue date. 
Example: The November issue closes 
September 25th. No ads can be cancelled after 
the closing date 

Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 
F 


Ophthalmology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
For assistance with your ad schedule call toll free: 
800-237-9851 @ 813-443-7666 


Professional Opportunities 


GENERAL OPHTHALMOLOGIST - Prestigious, 
well-established ophthalmology practice in Chicago 
and northern suburbs looking for associate to begin 
immediately. Fellowship training in plastics, medical 
retina or cornea are desirable but not mandatory. 
Potential to possible partnership. Salary negotiable. 
Contact: Box #649, c/o AOP. 


Professional Opportunities 


MAINE — Exceptional opportunity for BC/BE oph- 
thalmologist to join established ophthalmology 
practice in beautiful northern New England. Referral 
base 400,000 with 120,000 in immediate area. Wide 
ranging cultural, academic and recreational oppor- 
tunities. Modern, well equipped office adjoining 
growing medical center with extensive diagnostic 
and laboratory services. Association with opportunity 
for partnership. Send CV to: Jean H. Tibbetts, MD, 
Suite 230, 417 State Street, Bangor, ME 04401. 


AUSTIN, MINNESOTA has an immediate need for 
an ophthalmologist to join a busy general practice. 
Associate with an established clinic in an attractive, 
mid-sized community of 23,000. First year guarantee 
plus generous incentives. Contact: Jerry Hess or Bill 
Tendle, LifeSpan, 800 East 28th Street, Minneapolis, 
MN 55407. (800) 248-4921. 


BC/BE GENERAL OPHTHALMOLOGIST to join 
busy solo practitioner in mid-Hudson Valley. Large 
modern office and latest surgical equipment 
available. Must be PHACO trained and comfortable 
with extensive ER coverage. Box #644, c/o AOP. 


WESTERN MOUNTAINS — Natural beauty and 
splendid outdoor recreation. Private practice oppor- 
tunity for BC/BE ophthalmologist. Small community 
hospital has excellent staff. Superb skiing, fishing, 
cycling, backpacking, etc. Traditional small town 
values with low crime, no gridlock, and high rate of 
collections. Numerous retirees. Write: Box #654, c/o 
AOP. 


RETINAL SPECIALIST 


Board-eligible/-certified retinal ophthalmologist to join our 
six-physician ophthalmic group practice. Our group 
practice is located 1'/« hours northwest of Philadelphia, 
Pennsylvania. Excellent medical community and family 
environment. Modern, well-equipped office with certified 


ancillary staff. The position offers excellent salary and 

fringe benefits with opportunity for partnership. Interested 

individuals should send curriculum vitae to: Mr. David L. 

O'Donnell, West Reading Ophthalmic Associates, 206 

South Sixth Avenue, West Reading, PA 19611. 
Telephone: (215) 378-1348. 





VITREO-RETINAL SURGEON — Southern New 
England practice limited to vitreo-retinal diseases 
seeks additional associate. Fellowship and board- 
certification required. Practice affiliated with medical 
school and residency teaching program. Send CV to: 
Box #650, c/o AOP. 


NEW YORK, SARATOGA SPRINGS: Well estab- 
lished solo ophthalmologist seeks ethical and 
personable BC/BE general ophthalmologist to join 
growing practice in cosmopolitan Saratoga Springs in 
upstate New York. Enjoy working in bright, spacious, 
well equipped, new office with four modern exam 
rooms. Equipment includes Argon/YAG lasers, A and 
B scan ultrasound, autorefractor, Humphrey field 
analyzer and photographic equipment. Outpatient 
surgery and ER facility at hospital (across the street). 
Competitive salary guarantee plus incentives and 
excellent benefit package. Located three hours from 
New York City, Montreal and Boston, and a half hour 
from Albany. Saratoga is a historic, close-knit com- 
munity with. lovely neighborhoods, fine restaurants, 
specialty shops and entertainment including 
thoroughbred racing and the Saratoga Performing 
Arts Center. Proximity to Lake Placid, the 
Adirondacks and the Green Mountains of Vermont is 
ideal for skiers and outdoor enthusiasts. Please 
forward CV to: Denise Romand, Medical Staff 
Recruiter, Saratoga Hospital, 211 Church Street, 
Saratoga Springs, NY 12866. For more information: 
(518) 583-8465 days, or (518) 583-3120 evenings. 








Professional Opportunities 


RETINAL SPECIALIST: Marshfield Clinic wishes to 
recruit a BC/BE retina specialist with a primary 
interest in medical retina. The prospective physician 
would be joining a medical and a surgical retina 
specialist plus cornea, glaucoma, pediatric, and 
neuro-ophthalmology specialists and three general 
ophthalmologists. The Marshfield Clinic is a 350+ 
physician multi-specialty group practice serving 
central and northern Wisconsin as weli as the Upper 
Peninsula of Michigan. Complete practice setup, 
support staff, and a full compliment of business office 
services are offered along with a competitive salary 
and excellent fringe benefits. This opportunity affords 
easy access to a wide variety of outdoor recreational 
activities, as well as safety and security for family 
living. For more information, send your CV, or 
contact: Gary Pesicka, MD, 1000 North Oak Avenue, 
Marshfield, WI 54449. Or call: (715) 387-5236. 


Pa Moses OPHTHALMOLOGIST 
Lake WASHINGTON 
Clinic The Moses Lake Clinic, a divi- 


sion of Wenatchee Valley Clinic, 
is seeking a general ophthalmologist to join a busy estab- 
lished practice. Excellent surgical volume. Guaranteed 


salary and partnership track available. Excellent benefit 
package. Family oriented community with a large rural 
service area. Abundant four-season recreational oppor- 
tunities. Contact: 


R. Bennion, MD 
Moses LAKE CLINIC 
840 Hill Avenue, Moses Lake, WA 98837 


OPHTHALMOLOGIST: GENERAL - Preferred 
vitreo-retinal. Leading New York City eye center, 
busy surgical practice, excellent salary and future. 
Fully equipped facility. P.O. Box 20M, 220 East 65th 
Street, New York City, NY 10001. 


OPHTHALMOLOGIST desiring long-term associ- 
ation. BC/BE general ophthalmologist; subspecialty 
training and/or previous practice experience desirable 
but not mandatory. Join existing practice expanding 
to three ophthalmologists, largely secondary and 
tertiary care. Excellent office/ASC, hospital facilities 
and staffs. Attractive family-oriented community of 
100,000 nestled in Yellowstone Valley, one hour from 
Rocky Mountains. Drawing area 250,000-350,000. 
Salary with incentive. Progressing to full partnership. 
Send CV/references. Billings Eye Clinic, 34 
Heatherwood Lane, Billings, MT 59102. 


PEDIATRIC OPHTHALMOLOGIST 


Second, full-time, academic pediatric ophthal- 
mologist needed for expanding department at 
children's hospital. BE/BC, fellowship trained. 
Clinical, research and teaching responsibilities. 


Position available immediately or will discuss 
starting date. Contact: David J. Schanzlin, MD, 
Chairman, Department of Ophthalmology, St. 
Louis University School of Medicine, Bethesda 
Eye Institute, 3655 Vista, St. Louis, MO 63110. 





RETINA/VITREOUS — HAWAII: BC/BE ophthal- 
mologist with fellowship training or strong interest in 
medical and surgical retina is sought for a position 
with seven other ophthalmologists and twelve 
optometrists. The eye department services the needs 
of 180,000 members of the Kaiser Perma-nente 
Medical Care Program in Hawaii. Sub-specialties of 
cornea and glaucoma are represented within the 
Group. Only medical and surgical practice is 
involved, no refractions. Favorable starting salaries, 
opportunity for academic association. Reply to: 
Stephen Miller, MD, Chief, Ophthalmology Depart- 
ment, Kaiser Permanente Medical Center, 3288 
Moanalua Road, Honolulu, HI 96819. Telephone: 
(808) 529-2669. An equal opportunity employer. 





PHTHALMOLOGISTS 


Marshfield Clinic, a 400 physician multi- 
specialty group practice, ls seeking BE/BC 
ophthalmologists to Join expanding re- 
4, glonalcentersin ASHLAND and RICE LAKE, 
» WISCONSIN. These are beautiful, wooded 
Wisconsin areas with an abundance of 
lakes, rivers and streams. Each Is ideally 
sulted for physicians seeking to combine 
professional excellence In a Midwest, 
famlly-orlented location offering excep- 
7, tional four-season recreational activities. 
Ashland Is a community of 9,000 located 
on the southern shores of Lake Superior. 
This Is a single-specialty group seeking a 
third partner. Rice Lake is a lake: 
community of 8,500 people located less 
than 2 1/2 hours northeast of Minneapolis/ 
St. Paul. This Is a growing multispecialty 
group practice of 18 physicians, Wiscon- 
sin consistently leads the nation In ACT 


scores and the school systems In these, 


communitles are excellent. Each has Its 
own special qualities with more attractive 

< features relative to Individual needs and 
. preferences, The Initial total compensa- 
tlon package Is valued In excess of 
$200,000. If this combination of profes- 
sional excellence and life-style made 

- possible through the backup resources of 
a leading medical center In conjunction 
with the uncommon, varled beauty of 

A Wisconsin's land and lakes sounds Interest- 
ing to you, please send C.V. and refer- 


ences to: David L. Draves 
Director Regional 
Development 
1000 North Oak Avenue 
Marshfield, WI 54449 
or call 1-800-826-2345, 
extension 5376 


Marshfield Clinic 


Giaucoma 
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4 
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Marshfield Clinic, a 400 physi- 
cian multispecialty group 
practice, is seeking a fellow 
trained Glaucoma specialist 
for its specialty ophthalmol- 
ogy department. 


Qualified physician would join 
a nine member department 
with one existing Glaucoma 
specialist. Competitive salary, 
excellent fringe benefits, with 
equipment and support staff 
provided. Large referral base 
with nearest Glaucoma spe- 
cialist more than 100 miles dis- 
tant. Area offers a wide variety 
of outdoor recreational op- 
portunities. For more informa- 
tion send CV or contact : 


Dr. Richard Patchett 
1000 North Oak Avenue 
Marshfield, WI 54449 
or call (715) 387-5236 


Marshfield Clinic 


ee 


VITREO-RETIN. RGEON: Dynamic medical/ 
surgical retina vitreous only practice in large mid- 
western city seeks fellowship trained vitreo-retinal 
surgeon. Academic affiliation available. BE/BC. Send 
CV to: Box #655, c/o AOP. 


RETINA: Busy retina practice in the midwest seeks 
a vitreo-retinal surgeon. Fellowship required. 
Association leading to partnership. Send CV to: Box 
#646, c/o AOP. 


eit wadie — 
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RETINA SPECIALIST: Established multi-specialty 
ophthalmology group, located on central Florida's 
beautiful Gulf Coast, seeks fellowship-trained retina 
surgeon to build on established base. A caring well- 
trained staff, state-of-the-art equipment, and modern 
offices await the empathetic, motivated and confident 
person we are seeking. Some general ophthalmology 
required until practice is fully developed. Salary, 
incentive and partnership opportunity available at the 
end of two years. Send CV to: Box #647, c/o AOP. 
ACADEMIC OPHTHALMOLOGISTS/Geneticists— 
Pediatric ophthalmologist, retina and vitreous 
surgeon. The University of Nebraska College of 
Medicine, Department of Ophthalmology, is seeking 
two full-time academic ophthalmologists. A strong 
commitment to resident, medical student teaching 
and research is essential. Requirements include 
completion of a satisfactory residency and American 
Board of Ophthalmology eligibility or certification. 
Must have documented prior teaching and research 
experience. Salary and rank commensurate with 
education and experience. Health Professions 
(tenure-leading) appointment contract with potential 
for renewal. Positions available immediately. Send 
curriculum vitae to: Michael E. Yablonski, MD, PhD, 
Professor and Chairman, Department of Oph- 
thalmology, University of Nebraska Medical Center, 
600 South 42nd Street, Omaha, NE 68198-5540. 
(402) 559-4276. FAX: (402) 559-5514. An equal 
opportunity/affirmative action employer. 


PEDIATRIC OPHTHALMOLOGIST position is 
currently available at the level of Assistant Professor 
in the department of ophthalmology, University of 
North Carolina, Chapel Hill, North Carolina. 
Qualifications are clinical expertise, a strong 
commitment to teaching and resident training, and a 
strong background in laboratory and/or clinical 
research. Requirements include an approved 
ophthalmic residency program, completion of 
postgraduate training (fellowship in pediatric 
ophthalmology and a second fellowship in another 
recognized ophthalmic specialized area), board 
certification or eligibility, and eligibility for licensure in 
North Carolina. The University of North Carolina is 
an equal opportunity/affirmative action employer. 
Academic rank and salary are negotiable. Contact: 
David Eifrig, MD, Professor and Chairman, 
Department of Ophthalmology, University of North 
Carolina School of Medicine, CB# 7040, Chapel Hill, 
NC 27599. Telephone: (919) 966-5296. FAX: (919) 


422) ; S 
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FELLOWSHIP: CORNEA/External Disease Fellow- 
ship available July 1, 1992. Clinical and animal 
research required. Excimer laser available. Contact: 
Richard A. Eiferman, MD, University of Louisville, 
Department of Ophthalmology/Visual Sciences, 
Louisville, KY 40292. 


CORNEA FELLOWSHIP: A ONE-YEAR fellowship 
in cornea and external disease is offered which will 
provide significant medical and surgical training. 
Surgical experience will include corneal trans- 
plantation, intraocular lens exchange, keratomileusis, 
lamellar keratoplasty procedures, hydrogel inlays, 
and keratoprosthesis. Involvement in current and 
new research activities is encouraged. Interested 
applicants contact: Francis W. Price, Jr., MD, or 
William E. Whitson, MD, Corneal Consultants of 
Indiana, 9002 North Meridian Street, Suite 100, 
Indianapolis, IN 46260. 


VITREOUS 
AND 
RETINAL SURGEON 


A second vitreous and retinal 
surgeon is needed to join our 
Ophthalmology Division which has 
a staff of five ophthalmologists 
representing several sub-specialties 
located on the main campus in 
Urbana. A one or two year vitreo- 
retinal fellowship is expected. Carle 
Clinic Association is a 218 physi- 
cian, private multi-specialty group 
practice associated with the 
University of Illinois, College of 
Medicine. Extensive fringe benefits 
include malpractice coverage, 
outstanding retirement package, 
health, life and disability insurance, 
moving allowance and excellent 
vacation and meeting time. Write 
including CV to: 


Robert C. Parker, Jr., MD 
Medical Director 
CARLE CLINIC 
ASSOCIATION 


602 West University 
Urbana, Illinois 61801 


Or call collect (217) 337-3417. 


OCULAR 
IMMUNOLOGY 
FELLOWSHIP 


Harvard Medical School and 
the Massachusetts Eye and Ear 
Infirmary. One and two year 
positions — 1992. Research 
and clinical (medical and 
surgical) training in external 
and intraocular inflammatory 
diseases. Faculty: two senior 
staff ocular immunologists, a 
PhD immunologist, and a 
molecular biologist. Over 
5,000 patient visits per year. 
Salary: dependent upon 
background, experience, and 
fund availability. 


For further information and 
application contact: 


Dr. C. Stephen Foster 
Director, Immunology Service 
MASSACHUSETTS EYE 
AND EAR INFIRMARY 
243 Charles Street 

Boston, MA 02114 
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Practices Available 


SOUTHERN CALIFORNIA - Exceptional 
opportunity to join a state-of-the-art equipped office 
located in an explosive growth area between Los 
Angeles and San Diego. Reasonable price, flexible 
terms, with salary guarantee while retiring 
ophthalmologists transfer their premier practice to 
you. For further information: Roy D. Sutton, III, 
Agent, 5250 West Century Boulevard, Suite 450, 
Los Angeles, CA 90045. (213) 216-2500. 


SOLO PRACTICE — General ophthalmology. Profit- 
able high per capita income, west Texas. Modern 
office equipment, minor operating suite, microscope, 
ultra sound, micro surgical instruments. Two hospi- 
tals, good schools, college and university. High 
practice expansion potential in pediatrics and 
surgery. Box #635, c/o AOP. 


OPHTHALMOLOGY practice — Monterey, California: 
Successful solo ophthalmology practice in high 
income population available immediately in beautiful 
Monterey, California. Terms available. Sale includes 
lease, office furnishings, state-of-the-art equipment, 
optical shop and goodwill. Call: (408) 375-2220. 261 
El Dorado Street, Suite 201, Monterey, CA 93940. 


Medical Equipment/Supplies 


MEDICAL EQUIPMENT/Supplies — Belrose Haag- 
Streit Type Slit Lamps: $2,995. Belrose Applanation 
Tonometers: $995. Belrose Keratometers: $1,250. 
Belrose Projectors: $520. Belrose Poc Wall 
Brackets: $98. Demo Topcon SPP-1000 com- 
puterized perimeter/power table: $8,500. 
Reconditioned Haag-Streit Perimeter: $3,950. 
Reconditioned Mentor Perimeter: $3,450. Belrose 
Refracting Equipment Company, 3734 West Oakton 
Street, Skokie, IL 60076. (800) 875-5235. 


PLEASE NOTE - Address replies to box number 
ads as follows: Box number _____ , c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 


LOYOLA UNIVERSITY 
CHICAGO 


The Department of 
Ophthalmology at Loyola 
University Chicago is seeking a 
full-time staff member with 
subspecialty training in glaucoma. 


Loyola University Medical Center 
is located in the western suburbs 
of Chicago, adjacent to the 
affiliated Hines VA facility. 


Applicants must have completed 
an eye residency and appropriate 
fellowship training. 


Responsibilities include patient 
care, teaching, laboratory and 
clinical research. 


Send curriculum vitae, list of 
references and other support 
information to: 


Walter M. Jay, MD, Chairman 
Department of Ophthalmology 
LOYOLA UNIVERSITY 

MEDICAL CENTER 

2160 South First Avenue 
Maywood, IL 60153 


Loyola University Chicago is an equal 
opportunity educator and employer. 


Professor and Chair of the 
Department of Ophthalmology 


Director of The Kresge Eye Institute 
Wayne State University School of Medicine 


Ophthalmologist-in-Chief 
The Detroit Medical Center Hospitals 


Wayne State University School of Medicine, The Kresge Eye Institute, The Detroit Medical 
Center and its member hospitals, are seeking an outstanding clinician, researcher and 
administrator to serve as Professor and Chair of the Department of Ophthalmology, Director 
of the Kresge Eye Institute at the Wayne State University School of Medicine and the 
Ophthalmologist-in-Chief of the Detroit Medical Center. The individual we seek is expected 
to plan, manage and implement academic, research and clinical programs that 1) enhance 
the professional and scholarly growth of the Department, the Institute, and the hospitals of 
the Medical Center; 2) provide leadership to the faculty and the attending staff at the various 
hospitals within the Medical Center; and, 3) continue and expand upon the hospitals’ 
commitment to the community. 


Applicants should have attained national and International stature in the field of 
Ophthalmology, and demonstrate a record of excellence in scholarship, clinical service, and 
academic administration. A strong basic science background is desirable. The incumbent will 
have overall responsibility for medical students and post-graduate education in 
Ophthalmology at the Wayne State University School of Medicine, be expected to promote 
the development of research programs of appropriate breadth and depth for a university 
department of national and international stature and to organize the Ophthalmologic 
resources of The Kresge Eye Institute and the system hospitals toward a broadly based 
academic and clinical unit. 


Interested applicants should forward a letter of application and an updated curriculum vitae 
along with the names of three references by September 30, 1991 to: 


Robert P. Lisak, MD, Professor and Chairman of Neurology 


WAYNE STATE UNIVERSITY SCHOOL OF MEDICINE 


University Health Center-6E 


4201 St. Antoine, Detroit, MI 48201 


Wayne State University and the Detroit Medical Center Hospitals 
are equal opportunity/affirmative action employers. 


RETINA/VITREOUS 
SPECIALIST 


The Department of Ophthalmology at the 
University of Cincinnati has an immediate open- 
ing on its faculty for a full-time retina/vitreous 
specialist. The initial appointment will be at the 
level of Assistant or Associate Professor, 
depending on previous experience. 


Requirements include graduation from an 
accredited medical school, eligibility for medical 
licensure in Ohio, satisfactory completion of an 
accredited residency in ophthalmology, at least 
one year of appropriate fellowship, and certifica- 
tion or reasonable expectation of certification by 
the American Board of Ophthalmology or an 
equivalent certifying agency. The successful can- 
didate will be an established investigator or have 
evidence of potential for success in academic 
ophthalmology. 


Responsibilities will include instructing resi- 
dents and medical students in the classroom, 
faculty practice and clinics, and operating room; 
medically supervising the Ophthalmic Clinical 
Laboratories; providing administrative service; 
and being involved in medical and scientific 
investigations. 


The University of Cincinnati is an affirmative 
action/equal opportunity employer. We are par- 
ticularly eager to receive applications from 
members of minority groups, women and handi- 
capped people. Inquiries should be addressed to: 


Joel G. Sacks, MD 
Professor and Director 
Department of Ophthalmology 


UNIVERSITY OF CINCINNATI 
231 Bethesda Avenue, ML 527 
Cincinnati, OH 45267-0527 
Telephone: (513) 558-5151 
FAX: (513) 558-3108 


OPHTHALMOLOGY 
CHAIRMAN 
SEARCH 


The University of Maryland School of 
Medicine seeks nominations for a Chairman 
for the Department of Ophthalmology. The 
School of Medicine and 747-bed University 
Hospital share a campus with six other 
professional schools and a new 324-bed VA 
Hospital with a large outpatient census. The 
campus forms the western-most border of 
downtown Baltimore's renowned Inner 
Harbor. The Chairman's responsibility 
includes programs in the Medical School, 
the University of Maryland Hospital, the 
adjacent VA Medical Center and the Faculty 
Practice Building. A highly competitive 
residency program is in place. 


Nominees should hold the MD degree or 
equivalent and be board-certified in Ophthal- 
mology with established credentials in 
education, research, clinical service and have 
demonstrated academic leadership ability. 


Applicants should submit a curriculum 
vitae and names of three references by 
November 1, 1991 to: 


Kenneth P. Johnson, MD 
Search Committee Chairman 
c/o Dean's Office 


UNIVERSITY OF MARYLAND 


SCHOOL OF MEDICINE 


655 West Baltimore Street 
Baltimore, MD 21201 


The University of Maryland is an equal 
opportunity/affirmative action employer. 





The Lucky Ones 


These children have cheated death. | 


Not long ago, each of them passed 
through the ordeal of cancer. Modern 
therapies administered to them at St. 


Jude Children's Research Hospital | 


saved their lives. 
Thousands of children live today 


because of the love and dedication of 


St. Jude's researchers, doctors and 
nurses 


But there was something else that | 


saved the lives of these children — the 
many Americans who cared enough 
about the suffering of children to sup- 
port a hospital devoted entirely to treat- 
ing childhood catastrophic diseases. 

St. Jude depends upon donations 
from concerned people to continue its 
work because no family is ever held fi- 
nancially liable for treatment costs in- 
curred at St. Jude. 

For more information on how you 





can help save more children, write to | 
St. Jude, P.O. Box 3704, Memphis, TN 


38103, or call 1-800-877-5833. 








ST. JUDE CHILDREN’S 
RESEARCH HOSPITAL 


Danny Thomas, Founder 





Pred Fo rte® (prednisolone acetate) 1.0% 


sterile ophthalmic suspension 





INDICATIONS AND USAGE: Pred Forte is indicated for the 
treatment of steroid responsive inflammation of the palpebral 
and bulbar conjunctiva, cornea and anterior segment of the 
globe. CONTRAINDICATIONS: Pred Forte is contraindicated in 
acute untreated purulent ocular infections, acute superficial 
herpes simplex (dendritic keratitis), vaccinia, varicella and most 
other viral diseases of the cornea and conjunctiva, ocular 
tuberculosis, and fungal diseases of the eye. It is also 
contraindicated for individuals sensitive to any components of 
the formulation. WARNINGS: In those diseases causing thinning 
of the cornea, perforation has been reported with the use of 
topical steroids. Since Pred Forte contains no antimicrobial, if 
infection is present, appropriate measures must be taken to 
counteract the organisms involved. Acute purulent infections of 
the eye may be masked or enhanced by the use of topical 
steroids. Use of steroid medication in the presence of stromal 
herpes simplex requires caution and should be followed by 
frequent mandatory slit-lamp microscopy. As fungal infections 
of the cornea have been reported coincidentally with long-term 
local steroid applications, fungal invasion may be suspected in 
any persistent corneal ulceration where a steroid has been used, 
or is in use. Use of topical corticosteroids may cause increased 
intraocular pressure in certain individuals. This may result in 
damage to the optic nerve, with defects in the visual fields. It is 
advisable that the intraocular pressure be checked frequently. 
Posterior subcapsular cataract formation has been reported 
after heavy or protracted use of topical ophthalmic 
corticosteroids. Contains sodium bisulfite, a sulfite that may 
cause allergic-type reactions, including anaphylactic symptoms 
and life-threatening or less severe asthmatic episodes in certain 
susceptible people. The overall prevalence of sulfite sensitivity 
in the general population is unknown and probably low. Sulfite 
sensitivity is seen more frequently in asthmatic than in 
nonasthmatic people. PRECAUTIONS: General: Patients with 
histories of herpes simplex keratitis should be treated with 
caution. Carcinogenesis, mutagenesis, impairment of fertility: 
No studies have been conducted in animals or in humans to 
evaluate the potential of these effects. Pregnancy Category C: 
Prednisolone has been shown to be teratogenic in mice when 
given in doses 1-10 times the human dose. There are no 
adequate well-controlled studies in pregnant women. 
Prednisolone should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 
Dexamethasone, hydrocortisone and prednisolone were ocularly 
applied to both eyes of pregnant mice five times per day on days 
10 through 13 of gestation. A significant increase in the 
incidence of cleft palate was observed in the fetuses of the 
treated mice. Nursing Mothers: It is not known whether topical 
administration of corticosteroids could result in sufficient 
systemic absorption to produce detectable quantities in breast 
milk. Systemically administered corticosteroids are secreted 
into breast milk in quantities not likely to have a deleterious 
effect on the infant. Nevertheless, caution should be exercised 
when topical corticosteroids are administered to a nursing 
woman. Pediatric Use: Safety and effectiveness in children have 
not been established. ADVERSE REACTIONS: Adverse reactions 
include increased intraocular pressure, which may be associated 
with optic nerve damage and defects in the visual fields; 
posterior subcapsular cataract formation; secondary ocular 
infections from fungi or viruses liberated from ocular tissues; 
and perforation of the globe when used in conditions where 
there is thinning of the cornea or sclera. Systemic side effects 
may occur rarely with extensive use of topical steroids. 


= ALLERGAN PHARMACEUTICALS 


Allergan Pharmaceuticals, A Division of Allergan, Inc., 
Irvine, CA 92713 ©1991 Allergan, Inc. 








Reach for the “gold standard” 
in severe ocular 
inflammation therapy. 


Pred Forte’ 


(prednisolone acetate) 1% 
preg ophthalmic suspension 
Specify “Brand Medically Necessary.” 


Pred Forte is contraindicated in acute superficial herpes simplex keratitis; fungal diseases of 
the ocular structures; vaccinia, varicella and most other viral diseases of the cornea and 
conjunctiva; tuberculosis of the eye; and hypersensitivity to any component of this 
medication. Since this product does not contain an antimicrobial, if infection is present, 
appropriate measures must be taken to counteract the organism involved. 

Please see adjacent page for brief prescribing information. 


Æ ALLERGAN PHARMACEUTICALS Allergan Pharmaceuticals, A Division of Allergan, Inc., Irvine, CA 92713 


© 1991 Allergan, Inc. 
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Photorefractive Keratectomy for Astigmatism: 


Initial Clinical Results 
P. J. McDonnell, H. Moreira, T. N. Clapham, J. D’Arcy, C. R. Munnerlyn 


Ocular Findings Associated With a Rhodopsin Gene Codon 58 
ee. Transversion Mutation in Autosomal Dominant Retinitis Pigmentosa 
. G. A. Fishman, E. M. Stone, L. D. Gilbert, P. Kenna, V. C. Sheffield 


Development of Vision in Retinopathy of Prematurity 
O. Katsumi, M. C. Mehta, Y. Matsui, H. Tetsuka, T. Hirose 


(een Friant as a Treatment for Refractory Glaucoma 
in Black Patients 
J. Freedman, B. Rubin 


À Corneal Wound Healing After 193-nm Excimer Laser Keratectomy 
ae S ~W.C.S. Wu, W. J. Stark, W. R. Green 





Endothelial Protection and Viscoelastic Retention 


During Phacoemulsification and Intraocular Lens Implantation 
D. B. Glasser, D. C. Osborn, J. F. Nordeen, Y-1. Min 


Volume 109, Number 10 
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When you ask for a strong profile 
in a beta-blocker, we follow 
your instructions to the letter. 








Strength of drug 
delivery 


e Patented technology slows release and 
increases retention of drug in the eye 


e The amount of betaxolol delivered to 
the aqueous humor by the 0.25% sus- 
pension is equal to that delivered by the 
0.5% solution 


eè Efficacy equivalent to 0.5% solution has 
been demonstrated in clinical trials 
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and 0. 3% solution. 


*Beta-1 selectivity is not absolute. 


BETOPTIC® S Sterile Ophthalmic Suspension has produced minimal 
effects in patients with reactive airway disease; exercise caution in 
treating patients with excessive restriction of pulmonary function. 
Asthmatic attacks and pulmonary distress have been reported during 
betaxolol treatment. Although rechallenges of some such patients 

P with ophthalmic betaxolol have not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in 
patients sensitive to beta-blockers cannot be ruled out. 


PLEASE SEE BRIEF SUMMARY OF PRESCRIBING INFORMATION ON THE NEXT PAGE. 


©1991 Alcon Laboratories, Inc. 


BetopticS © 


x wr (betaxolol HCI) 


For POAG and 3 hypertensive 
patients where treatment is indicated 


S is for Strength 
of Suspension Technology 


Sterile Ophthalmic 
Suspension, 0.25% 


Strength of improved 
comfort 


e Active drug is released more slowly to 
the cornea, resulting in improved 
patient comfort 


Strength of beta- I" 
safey 


e Offers the safety advantages of a selec- 
tive ocular beta-blocker 


è Does not significantly compromise heart 
rate or pulmonary function 


© CNS side effects are rarely reported 





Contraindicated in patients with sinus bradycardia, greater than a 
first degree atrioventricular block, cardiogenic shock, overt cardiac 
failure, or hypersensitivity to any component of this product. Use 
caution in treating patients with a history of cardiac failure, heart 
block, and patients receiving adrenergic psychotropic drugs or 
catecholamine-depleting drugs such as reserpine. Observe patients 
receiving an oral beta-blocker and BETOPTIC® S suspension for pos- 
sible additive effect on known systemic effects of beta-blockade. 


© 
ALCON LABORATORIES, INC. 


E I FORT WORTH, TEXAS 76134 
OPHTHALMIC 


SEAT 


3A 


-AR 


EMF; 
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BETOPTIC® S (betaxolol HCI) 0.25% as base Sterile Ophthalmic Suspension 


DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochloride, a 
cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angle 
glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 
pressure lowering medications. 

CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 
same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 
BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 
failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at the first signs of cardiac failure. 

PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 
consistent with certain myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 
Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 
agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 
rechallenges of some such patients with ophthalmic betaxolol has not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 
orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 
effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 
observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent: therefore, 
caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: In 
patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
constriction of the pupil with a miotic agent. Betaxolol has little or no effect on the pupil. When 
BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
Impairment of Fertility: Lifetime studies with betaxolol HCI have been completed in mice at oral 
doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HCI demonstrated no 
carcinogenic effect. Higher dose levels were not tested. In a variety of in vitro and in vivo bacterial and 
mammalian cell assays, betaxolol HCI was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 
administered betaxolol HCI in rats and rabbits. There was evidence of drug related postimplantation 
loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolol HC! was 
not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 
subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women. 
BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether betaxolol HCI is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have not been established. 

ADVERSE REACTIONS: Ocular: In clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 
foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
with other formulations of betaxolol include allergic reactions, decreased corneal sensitivity, edema 
and anisocoria. Systemic: Systemic reactions following administration of BETOPTIC S Ophthalmic 
Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 
Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 
characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
failure. Central Nervous System: Insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 
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Use of the Disposable Contact Lens as a 
Bandage Contact Lens 


To the Editor.—With regard to the letter by Sulewski et al’ 
that appeared in the March 1991 issue of the ARCHIVES, I 
would like to congratulate the authors on bringing this tech- 
nique to the attention of the ophthalmic community. Many 
corneal specialists have followed their lead, and these dispos- 
able extended-wear contact lenses now occupy an important 
role in our clinical practice. With regard to the authors’ admo- 
nitions, I agree that these lenses must be used with extreme 
caution in patients with compromised corneas. Whether these 
lenses will result in a decreased incidence of ulcerative kerati- 
tis compared with previously used extended-wear soft con- 
tact lenses has yet to be conclusively demonstrated. 

` I would like to underscore their concern by noting that, 
within the past 4 months, I have seen at least one patient per 
week referred for sterile or infectious corneal ulceration re- 
lated to the use of disposable soft contact lenses worn on an 
extended-wear basis for the treatment of simple myopia. In 
all cases, patients have followed their care regimens without 
significant deviation and have generally developed these ul- 
cers after a few days of continuous wear. I believe that this 
represents a potentially significant public health problem, 
and I suspect that we will begin to see more reports of 
ulcerative keratitis in association with disposable lenses used 
for extended wear as their use becomes more widespread. 

I would like to know if the authors have also noted a 
significant incidence of ulcerative keratitis in patients using 
these lenses for myopic extended wear. 

Ranpy J. EPSTEIN, MD 
Chicago, Ill 

1, Sulewski ME, Kracher GP, Gottsch JD, Stark WJ. Use of the disposable 

contact lens as a bandage contact lens. Arch Ophthalmol. 1991;109:318. 


In Reply. —We agree with the comments made by Dr Epstein 
with regard to the disposable extended-wear contact lenses 
still posing a potential problem of corneal ulceration in wear- 
ers with simple myopia.A few cases of infectious keratitis 
have been noted at our institution in association with those 
lenses used for myopic correction. Whether the incidence of 
microbial keratitis is lower with disposable lenses compared 
with traditional extended-wear lenses is unproven. 
MICHAEL E. SULEWSKI, MD 
JOHN D. GottscH, MD 
WALTER J. STARK, MD 
GREGORY KRACHER, OD 
Baltimore, Md 


Topical Timolol and Serum Lipoproteins 


To the Editor. —It would be unreliable to attempt to draw firm 
conclusions from the study by Coleman et al’ in the September 
1990 issue of the ARCHIVES. The most obvious and fatal flaw is 
the absence of a control group, which makes it impossible to 
be certain that the observations did not arise due to the 
passage of time. Added to this is the small sample size. Only 28 
of the 40 volunteers, who were recruited, completed 60 days 
of the study. 

The changes in high-density lipoprotein (HDL) cholesterol 
levels (from 1.45 mmol/L to 1.382 mmol/L) were within the 
normal ranges for volunteers and would not have been re- 
garded as clinically important. It has been found that in 
volunteers in a placebo-controlled study, lipid lowering 
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agents were not able to decrease levels of HDL cholesterol by 
9%. It remains highly likely that the observed changes in the 
study were due to variation within these young volunteers. 

Results reported recently by West and Longstaff* showed 
no significant reduction in the HDL cholesterol level seen in 
17 patients treated with timolol maleate for 15 weeks. 

A clinically meaningful change in HDL cholesterol levels 
would need to be observed in a placebo-controlled study to 
support the conclusions drawn by the authors. Even so, oral 
timolol and other B-blockers have been shown to be beneficial 
in reducing myocardial infarction.’ 

ROGER VoGEL, MD 
West Point, Pa 


1. Coleman AL, Diehl DLC, Jampel HD, Bachorik PS, Quigley HA. Topical 
timolol decreases plasma high-density lipoprotein cholesterol level. Arch 
Ophthalmol. 1990;108:1260-1263. 

2. West J, Longstaff S. Topical timolol and serum lipoproteins. Br J Ophth- 
almol. 1990;74:663-664. 

8. Gunderson T, Kjekshus J, Pederson T. Timolol maleate and HDL choles- 
terol after myocardial infarction. Hur Heart J. 1985;6:840-844, 


To the Editor. —Given their widespread use, it is important to 
elucidate the possible side effects of medications used in the 
treatment of glaucoma. The study by Coleman et al in the 
September 1990 issue of the ARCHIVES’ does not reveal any 
evidence that topical timolol maleate decreases plasma HDL 
cholesterol levels. 

This study fails to adhere to the two basic tenets of a clinical 
trial: randomization of a treatment and control group, and 
masking the subjects and observers.’ While it is not possible 
to follow these criteria in every trial, certainly they are the 
minimum that should be met in a study that was designed to 
determine if topical timolol changes plasma lipid levels, which 
can be influenced by external factors such as diet, exercise, 
and inadvertent counseling by investigators. We agree with 
Coleman et al that some subjects may consciously or uncon- 
sciously modify their diet or exercise to affect their lipid 
profiles, thereby causing an “internal control.” Nevertheless, 
this is not a valid reason for failing to design a study that 
would properly answer the question. 

Other aspects of this study deserve comment. The authors 
were careful to monitor compliance with the treatment regi- 
men by weighing the amount of medication used per patient. 
Did a correlation exist between the amount of medication 
used and the change in HDL level? 

It is likely that B-blockers have been tested on thousands of 
healthy volunteers in numerous clinical trials. However, 
since B-blockers have the well-known potential for serious 
side effects,’ we no longer consider it prudent to expose 
normal volunteers to these medications when a large pool 
exists of patients with ocular hypertension or glaucoma who 
may benefit from the ocular hypotensive effect of B-blockers. 

If, in fact, further study reveals that topical timolol de- 
creases the level of plasma HDL cholesterol, this fact alone 
does not warrant the alarm that the authors convey. While 
systemic B-blockers lacking intrinsic sympathomimetic activ- 
ity are known to decrease the levels of plasma HDL,’ it has 
never been shown that these changes, when induced by a B- 
blocker, are arisk to patients with coronary artery disease. In 
fact, in patients who have already suffered a myocardial 
infarction, propranolol hydrochloride reduces mortality and 
morbidity, which are estimated to be ten times greater than 
the estimated theoretical risk caused by its effect on HDL.’ 
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Propranolol reduces the severity of experimental atheroscle- 
rosis in animal models.’ 8-Blockers have been shown in vitro 
to decrease low-density lipoprotein affinity for human arterial 
wall proteoglycans.’ This antiatherogenic effect may override 
the effects on the lipoprotein pattern. 

Even though Coleman et al failed to prove their theory, 
their recommendations to limit systemic absorption of topical 
B-blockers are prudent and should be heeded by all 
ophthalmologists. 

BLAKE R. SHAw, MD 
RoBert N. WEINREB, MD 
La Jolla, Calif 


1. Coleman AL, Diehl DLC, Jampel HD, Bachorik PS, Quigley HA. Topical 
timolol decreases plasma high-density lipoprotein cholesterol level. Arch 
Ophthalmol. 1990;108:1260-1268. 

2. Pocock SJ. Clinical Trials, New York, NY: John Wiley & Sons Ine. 
1983:50-65. 

3. Van Buskirk EM, Fraunfelder FT. Ocular beta-blockers and systemic 
effects. Am J Ophthalmol. 1984;98:623-624. 

4. Wolinsky H. The effects of beta-adrenergic blocking agents on blood lipid 
levels. Clin Cardiol. 1987;10:561-566. 

5. Byington RP, Worthy J, Craven T, Furberg CD. Propranolol-induced 
lipid changes and their prognostic significance after a myocardial infarction: the 
beta-blocker heart attack trial experience. Am J Cardiol. 1990;65:1287-1291. 

6. KaplanJR, Manuck SB, Adams MR, Weingand KW, Clarkson IB. Inhibi- 
tion of coronary atherosclerosis by propranolol in behaviorally predisposed 
monkeys fed an atherogenic diet. Circulation. 1987;76:1364-1372. 

T. Linden T, Camejo G, Wiklund O, Warnold I, Olofsson SO, Bondjers G. 
Effect of short-term beta blockade on serum lipid levels and on the interaction 
of LDL with human arterial proteoglycans. J Clin Pharmacol. 1990;30:124- 
181. 


In Reply.—We would like to thank Drs Vogel, Shaw, and 
Weinreb for their observations regarding the design and 
conclusions of this study. Ideally, a clinical trial should be 
randomized and double-masked; under the circumstances, 
this was not feasible. Although there was no placebo control 
group, each subject served as his or her own control. To 
determine our lipid profiles at baseline and during therapy, 
we used mean lipid profiles calculated from two 12-hour fast- 
ing blood samples drawn at least 5 days apart before therapy 
and two blood samples drawn at least 5 days apart during 
therapy. By using mean lipid profiles, we minimized variation 
within volunteers. Our patients exhibited a statistically sig- 
nificant difference. The contention that our results may have 
resulted from the “passage of time” and “external factors such 
as diet, exercise, and inadvertent counseling by investiga- 
tors” assumes that, for some reason, the HDL cholesterol 
level of the group worsened in a nonrandom way due to the 
study conditions. There is no reason to believe that this would 
occur. If anything, subjects who know their cholesterol levels 
are going to be measured might subconsciously confound the 
result in the other direction (that is, raising their HDL choles- 
terol levels or lowering their triglyceride levels). In our 
study, the triglycerides increased and the HDL cholesterol 
levels decreased; thus, our results are consistent. 

Dr Vogel calls our sample size “small,” yet it yielded a 
statistically significant difference and is almost twice as large 
as the group studied by West and Longstaff,’ who, as Dr 
Vogel points out, found no apparent effect of timolol maleate. 
One wonders why Dr Vogel does not believe that the latter 
study had too small a population to conclude that timolol has 
no effect. Indeed, given the SDs and number of patients in the 
latter study,’ it has less than a 50% power to detect a signifi- 
cant difference of 0.06 mmol/L in HDL cholesterol levels.’ 
Fifty-percent power is usually considered far too low to as- 
sume that there is no effect of the experimental treatment. 
Furthermore, West and Longstaff analyzed their data in a 
manner that would obscure a difference since they apparently 
compared the group means (and their SD) before timolol 
administration with the group means after timolol rather than 
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a paired analysis of values within subjects. Their method of 
analysis includes in the SD not only the intrasubject variation, 
but also the intersubject variation, making it more likely that 
an extraneous factor will confound the question at hand. The 
issue is not how much the subjects differ from each other in 
HDL cholesterol levels, but rather whether HDL cholesterol 
levels change nonrandomly in each subject. Our data, proper- 
ly analyzed to answer this question, showed a significant 
detrimental effect. 

Drs Weinreb and Shaw asked whether there was a correla- 
tion between the amount of medication used and the change in 
HDL cholesterol. As we noted in the “Results” section under 
the heading “Plasma Lipids,” there was no statistically signif- 
icant correlation with timolol dose. 

This study was reviewed and approved by the Johns Hop- 
kins Committee on Clinical Investigation, and both the com- 
mittee and all the volunteers, who were normal or suspected 
of having glaucoma, were aware of the numerous serious side 
effects of topical B-blocker therapy. Therefore, we believe 
that this study does not provoke ethical concerns. 

Dr Vogel dismisses the magnitude of the change in HDL 
cholesterol levels by stating that it was “within the normal 
range.” A reduction in HDL cholesterol of 0.14 mmol/L across 
a whole population, however, will substantially increase the 
population-attributable risk.” A small reduction in HDL cho- 
lesterol levels in a large number of individuals shifts the 
distribution of HDL cholesterol levels for the whole popula- 
tion. This shift would be associated with increased risk of 
coronary heart disease in the whole population even if the 
reduction in HDL cholesterol is small in the individual. As 
physicians, we are concerned about the population-attribut- 
able risk associated with therapy that is prescribed to hun- 
dreds of thousands of persons currently using topical 
8-blockers. 

We cannot address the comments of Drs Vogel, Shaw, and 
Weinreb that oral B-blockers may reduce the incidence of 
myocardial infarction since our study was designed to exam- 
ine the effects of topical timolol only on lipoprotein concentra- 
tions and not on coronary events. 

We agree with Drs Vogel, Shaw, and Weinreb that further 
studies of the effect of topical 8-blockers on plasma lipid levels 
are needed. Is the effect that we found likely to be smaller or 
greater in a population of patients with glaucoma than in the 
largely normal group we tested? Is it seen with all 8-blockers? 
Is it affected by nasolacrimal occlusion? Does the effect in- 
crease or decrease with exposures of longer than 2 months? 
We were surprised that there seemed to be no available data 
on the effect of topical B-blockers on cholesterol when the 
same group of agents taken orally were known to decrease 
HDL cholesterol levels. We look forward to further research 
into these questions. 


ANNE L. CoLEMAN, MD 
D. L. Curis DIEHL, MD 
Henry D. JAMPEL, MD 
PAUL S. BACHORIK, PHD 
Harry A. QUIGLEY, MD 
Los Angeles, Calif 
1. West J, Longstaff S. Topical timolol and serum lipoproteins. Br J Oph- 
thalmol. 1990;74:663-664, 
2. Javitt JC. When does the failure to find a difference mean that there is 
none? Arch Ophthalmol. 1989;107:1084-1040. 
3. Whelton PK. Essential hypertension: therapeutic implications of epide- 
miological risk estimation. J Hypertens. June 1984;2(suppl 2):3-8. 


Laser Photocoagulation for Threshold 
Retinopathy of Prematurity 


To the Editor.—Threshold stage III (TS III) has been defined 
as 5 contiguous clock hours of stage III retinopathy of prema- 
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turity (ROP) in zone 1 or 2 in the presence of disease. The 
Multicenter Trial of Cryotherapy for ROP (CRYO-ROP) has 
shown that treatment of TS III reduces the incidence of 
unfavorable outcome by 46%.’ Other investigators suggested 
that laser photocoagulation is effective in the treatment of 
ROP, although these studies used different delivery systems, 
treated at different stages, and varied in their outcome crite- 
ria.” McNamara et al’ presented evidence of successful treat- 
ment of TS III ROP with the binocular indirect laser delivery 
system at the 1990 Annual Scientific Meeting of The Retina 
Society. Landers et al‘ reported a regressive response of TS 
III ROP with indirect laser photocoagulation in an eye consid- 
ered at risk for complications from cryotherapy. We report 
preliminary results on 12 eyes randomized to photocoagula- 
tion or cryotherapy for threshold ROP, followed up for 8 to 19 
weeks. 


Patients and Methods.—Infants with TS III ROP were identified 
using the screening protocol of the CRYO-ROP. Once TS III was 
identified in one eye, treatment was randomized to either laser 
photocoagulation or cryotherapy and administered within 72 hours 
after receiving informed consent. If both eyes developed TS III 
disease simultaneously, one eye was randomized and the other eye 
underwent the alternate treatment. If both eyes reached TS III ROP 
asymmetrically, the first eye was randomized and the second eye 
underwent the alternate treatment. All procedures were performed 
in the operating department with general anesthesia. Argon green 
laser photocoagulation was applied to avascular retinas with an HGM 
laser indirect delivery system (HGM, Salt Lake City, Utah). Moder- 
ate-intensity white burns were placed approximately one-half-spot 
apart. Photocoagulation was not applied to the neovascular ridge. 
Cryotherapy was applied as previously described. 

Allinfants were subjected to external ocular examinations 24 hours 
after therapy. Dilated funduscopic examinations to evaluate for re- 
gression of ROP were conducted 4 to 6 days after therapy on a weekly 
basis until the disease had been treated, then every 2 weeks there- 
after. Treatment was readministered according to CRYO-ROP crite- 
ria. If necessary, the same treatment modality was administered. 

All six infants in this series developed bilateral TS III ROP. There 
were three male and three female infants. Estimated gestational age 
ranged from 24 to 27 weeks. Birth weights ranged from 597 to 936 g. 
Age at the time of treatment ranged from 38 to 38 weeks. All infants 
were followed up for at least 8 weeks after treatment. Two eyes of 
different infants had zone 1 neovascularization; one eye was random- 
ized to cryotherapy and the other underwent laser photocoagulation. 
The mean number of freezing applications was 51, ranging from 46 to 
61. The mean number of photocoagulation burns was 410, ranging 
from 138 to 655, Regression was evident within 7 to 10 days after a 
single treatment with either modality in 10 of 12 eyes. Two eyes of 
different infants, one randomized to laser therapy and the other to 
cryotherapy, required repeated treatment with the same modality 
2 weeks after the initial therapy. The eye undergoing photocoagula- 
tion developed vitreous hemorrhage after administration of the initial 
therapy. This hemorrhage cleared within 2 weeks, allowing repeated 
treatment with subsequent regression. The eye requiring repeated 
treatment with cryotherapy developed a stage 4B retinal 
detachment. 


Comment. —Photocoagulation was as effective as cryother- 
apy in producing regression of TS III ROP in this small series. 
Photocoagulation may be less injurious to the sclera, minimiz- 
ing treatment effect on eye growth. There were no apparent 
complications from treatment with the binocular indirect la- 
ser delivery system. All eyes undergoing photocoagulation 
appeared less inflamed and had less conjunctival chemosis in 
the period immediately after therapy. Although longer fol- 
low-up is required, laser therapy appears at least as effective 
as cryotherapy in inducing regression of TS III ROP. 

DEBORAH A. Iverson, MD 
MICHAEL T. TRESE, MD 
Tra K. ORGEL, MD 
GEORGE A. WILLIAMS, MD 
Royal Oak, Mich 
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1. Cryotherapy for Retinopathy of Prematurity Cooperative Group. Multi- 
center trial of cryotherapy for retinopathy of prematurity: one-year outcome— 
structure and function. Arch Ophthalmol. 1990;108:1408-1416. 

2. Nagata M, Yamagishi N, Ikeda S. Summarized results of treatment of 
acute proliferative retinopathy of prematurity during the past 15 years in Tenri 
Hospital. Acta Soc Ophthalmol Jpn. 1982;86:1286-1244. 

3. NcNamara JA, Tasman WS, Brown GC. Laser photocoagulation for 
retinopathy of prematurity. Presented at the 23rd Annual Scientific Meeting of 
The Retina Society; October 5, 1990; Key Largo, Fla. 

4, Landers M III, Semple H, Ruben J, Serdahl C. Argon laser photocoagula- 
tion for advanced retinopathy of prematurity. Am J Ophthalmol. 1990;110:429- 
430. 


Medication-induced Bilateral Anterior Uveitis 


To the Editor.—I was interested to see the recent article by 
Tilden et al' reporting 18 cases of bilateral anterior uveitis 
caused by systemic use of sulfonamides. It was surprising to 
learn that, as mentioned in the article, only one case of this 
cause-effect relationship had been previously reported.’ It 
reminded me of a patient I saw in 1974 whom I believed had 
two episodes of medication-induced anterior uveitis; the first 
as a response to methenamine hippurate, and the second 
caused by sulfamethoxazole and trimethoprim. 


Report of a Case.—On November 26, 1974, a 28-year-old black 
woman presented with a symmetric, moderately severe, bilateral, 
anterior uveitis and presumed trabeculitis 2 days after beginning 
methenamine hippurate for a bladder infection. She had a history of 
congenital bladder problems that resulted in frequent bladder infec- 
tions requiring antibiotic treatment. On presentation she had elevat- 
ed intraocular pressure (27 mm Hg OD and 32 mm Hg OS), corneal 
bedewing, and decreased visual acuity (20/30 OD and 20/30 OS), All of 
her signs and symptoms cleared nicely as a result of topical steroids 
and mydriatic treatment. 

Ten months later, the patient presented again complaining of 
photophobia, redness, and aching eyes, which she noted 2 hours after 
beginning treatment with sulfamethoxazole and trimethoprim and 
phenazopyridine hydrochloride for another bladder infection. Exami- 
nation revealed bilateral, symmetric, moderate, anterior chamber 
cell and flare, 360° limbal corneal infiltrates, and mild episcleral 
hyperemia. Visual acuity and intraocular pressures were normal. 
Her inflammation again resolved as a result of topical steroids and 
mydriatic treatment. 

While avoiding systemic use of the above medications, she had had 
no recurrence of anterior uveitis when last seen in 1988. 


Comment.—The authors mention that systemic use of sul- 
fonamides as a cause of anterior uveitis is a rarely diagnosed 
clinical event. This is probably so, but possibly this associa- 
tion has been seen more than is currently appreciated. I 
encourage others who may have seen such a case, and like me, 
did not realize that this association was not well documented 
in the literature, to make their cases known. 

RICHARD J. KOLKER, MD 
Baltimore, Md 


1. Tilden ME, Rosenbaum JT, Fraunfelder FT. Systemic sulfonamides as a 
cause of bilateral, anterior uveitis. Arch Ophthalmol. 1991;109:67-69. 

2. Fujardo RV. Acute bilateral anterior uveitis caused by sulfa drugs. In: 
Saari KM, ed. Uveitis Update. Princeton, NJ: Excerpta Medica; 1984:115-118. 


A Multilens Case 


To the Editor—Ophthalmologists carry several lenses and a 
scleral depressor for use in eye examinations. Most lenses are 
kept in individual protective cases that add bulk to laboratory 
coat pockets (Fig 1), A scleral depressor can easily fall out ofa 
pocket. A wooden case designed to contain three lenses (ie, 
20 diopter (D), 28 D, and 90 D) was recently described.’ We 
describe an easy modification of an existing multilens case 
that holds a 20-D or panretinal lens, a 28-D or 30-D lens, a 
90-D lens, a four-mirror gonioscopic lens, and a scleral 
depressor. 
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Fig 1.—Individual protective cases for ophthalmic equipment. 


Fig 2.—A single protective case makes ophthalmic equipment more 
accessible and easier to carry. 





A 15x 10 x 2.5-cm case with precut openings for the large 
panretinal lens, 30-D lens, and 90-D lens was obtained (Indi- 
rect Conoid Lens Case, Volk, Mentor, Ohio). The scleral 
depressor was positioned above the two large precut open- 
ings, and a knife was used to cut the sponge the length of the 
depressor. The velvet circle was then removed from the 
precut 90-D hole and placed in the lower left hand corner. It 
was used as a template to cut a circular hole 4 mm in depth. 
The velvet was then placed in the bottom of this new hole. The 
last step was to position the Zeiss four-mirror lens and handle 
over the deep lower right hand corner hole and cut a 90° angle 
to accommodate the four-mirror lens. The sponge was then 
cut to accommodate the shape of the handle. 

This modification of the case takes only a few minutes to 
perform and allows a protective consolidation of the lenses 
and scleral depressor commonly used by ophthalmology resi- 
dents and practicing ophthalmologists (Fig 2). The case fits in 
most laboratory coat pockets, and allows ready access to all 
the lenses. ers men 
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The authors have no proprietary interest in the multiple lens carrying case. 


1. Mansour AM, Hrisomalos NF. A multiple lens carrying case. Arch Oph- 
thalmol. 1988;106:310. 


Aspirin and Cataract 


To the Editor.—Several case-control studies of cataract have 
identified aspirin consumption as a protectant against cata- 
ract. These findings need to be tested in a clinical trial to 
determine the role of aspirin therapy in retarding cataract. 
Since ne such trial has been undertaken, the next best ap- 
proach has appeared to be a piggyback study on a major study 
of the effects of aspirin therapy on myocardial infarction, as 
reported in the February 1991 issue of the ARCHIVES.’ Re- 
sults of the study of 22071 male physicians had shown a 
significant protective effect of aspirin against myocardial in- 
farction but not against total cardiovascular deaths. In this 
article, cataract extraction was found to be less frequent in 
the aspirin-taking group than in the placebo group, but the 
difference was not statistically significant. Therefore, the 
authors concluded that aspirin had no large benefit in protect- 
ing against cataract, contrary to the expectation from case- 
control studies. The overall definition of cataract, “a lens 
opacity that reduced the best corrected visual acuity to 20/30 
or worse. . .,” was reasonable, but did not correspond to that 
in the case-control studies of patients with extracted cata- 
racts.” Their definition yielded 358 confirmed cataracts in 
22 071 physicians; of these, 121 were extracted. In the main 
study, 164 physicians died of cardiovascular causes.’ The 
authors pointed out that this low cardiovascular mortality 
rate rendered it impossible to determine reliably whether 
aspirin had any effect on total cardiovascular mortality. The 
small number of cataracts, especially of extracted cataracts, 
makes it impossible to test reliably whether aspirin protects 
against eataract extraction to the extent suggested by the 
case-control studies. 

A further worry about this study’ is the aspirin and nonste- 
roidal anti-inflammatory drug consumption by the placebo 
group. To minimize noncompliance, all participants in the 
case group took aspirin for 18 weeks or more during a run-in 
period before randomization. Furthermore, the definition of 
compliance for the placebo group was that they did not take 
aspirin or other nonsteroidal anti-inflammatory drugs for at 
least 90 days per year. They could have taken enormous doses 
on the other days. Seddon et al say that no case-control study 
has looked at the dosage of aspirin, but one did and found that 
even low doses of aspirin had a protective effect against 
cataract.” All the participants in the placebo group in the 
study of physicians’’ would have qualified as aspirin-takers in 
the case-control study.’ 

The run-in period for those participants receiving aspirin 
might even contribute to the unexplained deficiency in cardio- 
vascular mortality in the US physicians, which was only 15% 
of the expected mortality.’ 

JOHN J. HARDING, PHD 
Oxford, England 


1. Seddon JM, Christen WG, Manson JE, Buring JE, Sperduto RD, Henne- 
kens CH. Low-dose aspirin and risks of cataract in a randomized trial of US 
physicians. Arch Ophthalmol. 1991;109:252-255. 

2. Harding JJ, Egerton M, Harding RS. Protection against cataract by 
aspirin, paracetamol, and ibuprofen. Acta Ophthalmol. 1989;67:518-524. 

3. The Steering Committee of the Physicians’ Health Study Research 
Group. Final report on the aspirin component of the ongoing Physicians’ Health 
Study. N Engl J Med. 1989;321:129-135. 


In Reply.—The Physicians’ Health Study, which had previ- 
ously found that aspirin reduced the risk of a first heart attack 
by 44%,’ provided a valid and efficient mechanism for study- 
ing the association between aspirin and cataract in a sample of 
22 071 men. For example, in this randomized trial, the base- 
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line distributions of confounding variables, whether known or 
unknown, would be expected to be equal and, indeed, all 
measured risk factors were virtually identical in the aspirin 
and placebo groups. Based on the number of cataract end 
points, our data could not exclude a possible small to moderate 
benefit of alternate-day aspirin therapy for extraction of age- 
related cataract. However, our findings were inconsistent 
with the 50% reduction reported by Harding.** If real, an 
effect of this magnitude would have been easily detected in 
our trial, even with the reduced number of end points that 
resulted from the early termination of the randomized aspirin 
component of the trial. 

In 1988, Harding and Van Heyningen’ reported no signifi- 
cant effect on cataract formation for aspirin alone, but when 
aspirin was combined with “aspirinlike” analgesics, a signifi- 
cant association was found.’ In the 1989 article’ cited in his 
letter, Harding apparently found that regular use of aspirin 
for at least 4 months did not have an effect, but any use of 
aspirin “that did not qualify as regular consumption” had a 
protective effect. As in any observational study, potential 
biases and uncontrolled confounding must be considered as 
possible alternative explanations. These limitations, which 
are inherent in all observational studies for small to moderate 
effects, can only be overcome in a well-designed, randomized, 
clinical trial of sufficient sample size. 

Dr Harding raises the possibility that our use of an 18-week 
run-in period in which all participants received aspirin might 
have led to the very low cardiovascular mortality in the US 
physicians. Since the effects of aspirin on cardiovascular dis- 
ease are acute and reversible due to inhibition of platelet- 
dependent cyclooxygenase, it is implausible that a 3-month 
run-in period would have had any influence on mortality over 
5 years. It is also unlikely that aspirin intake during the run-in 
period would affect the incidence of cataract during the 
5 years of follow-up. 

With regard to compliance, 14% of persons in the placebo 
group reported consumption of aspirin or other platelet-ac- 
tive drugs during the 5-year period of treatment and follow- 
up. Therefore, an overwhelming majority in the placebo 
group would not be classified as aspirin takers by any 
definition. 

JOHANNA M. SEDDON, MD 
WILLIAM G. CHRISTEN, PHD 
JOANN E. Manson, MD 

JULIE E. BURING, DSc 
RoBert D. SPERDUTO, MD 
CHARLES H. HENNEKENS, MD 
Boston, Mass 


1. The Steering Committee of the Physicians’ Health Study Research 
Group. Final report on the aspirin component of the ongoing Physicians’ Health 
Study. N Engl J Med. 1989;321:129-135. 

2. Harding JJ, Van Heyningen R. Drugs, including alcohol, that act as risk 
factors for cataract, and possible protection against cataract by aspirin-like 
analgesics and cyclopenthiazide. Br J Ophthalmol. 1988;72:809-814. 

8. Harding JJ, Egerton M, Harding RS. Protection against cataract by 
aspirin, paracetamol, and ibuprofen. Acta Ophthalmol. 1989;67:518-524. 


Zinc Supplementation for Macular Degeneration 


To the Editor.—In recent months, readers have noticed that 
Lederle Laboratories and Storz Ophthalmics Inc, in a joint 
effort, have begun placing zinc supplementation advertise- 
ments in the ARCHIVES and one other ophthalmologic journal, 
Retina. Earlier, the same two companies distributed tablet 
packets and advertising brochures to ophthalmologists na- 
tionwide. The information in those brochures was substanti- 
ated by several references, foremost of which was the article 
by Newsome et al’ in the February 1988 issue of the 
ARCHIVES. 
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Review of that article reveals some data inconsistencies 
that the authors will not mind clarifying, I trust, even at this 
late time. In Table 5, they note that two eyes in the zinc- 
treated group sustained a visual loss of 20 letters or more, and 
that five eyes in the placebo group suffered the same loss. The 
first paragraph in the “Visual Acuity Outcomes” section reit- 
erates that same data. 

In the next section, “Influence of Risk Factors,” it is puz- 
zling to note that different data appear. One learns that five 
eyes in the zinc-treated group and 18 eyes in the placebo 
group sustained a visual loss of 20 or more letters. 

Surely, the article by Newsome et al will serve as the 
comparative yardstick in future years for any new regimen or 
treatment program. It is important that there be no 
confusion regarding exactly what was determined in their 
investigation. 

W. Rex Hawkins, MD 
Houston, Tex 


1. Newsome DA, Swartz M, Leone NC, Elston RC, Miller E. Oral zine in 
macular degeneration. Arch Ophthalmol. 1988;106:192-198. 


In Reply.—Hawkins comments on the discussion of the key 
clinical pathologic features of macular degeneration and su- 
bretinal neovascularization seen in the eyes of the subjects 
cited in Table 5 in the row labeled “Loss of =20 letters.” If one 
eye had multiple key features, these were enumerated sepa- 
rately. For example, one of the two eyes in the zine group had 
neovascularization, and both eyes had pigment epithelial de- 
tachments and geographic atrophy. The language in the “In- 
fluence of Risk Factors” section cited by Hawkins thus lacks 
clarity. There also is a typographical error in the second 
paragraph of this section. “Six eyes with geographic atrophy” 
should be “five eyes with geographic atrophy.” 
I trust this clarifies the situation. Hawkins is to be congrat- 

ulated for his careful analysis of the manuscript. 

Davip A. NEwsomE, MD 

New Orleans, La 


Vertical Rectus Muscle Transposition Surgery Modified 


To the Editor.—In their article in the June 1989 issue of the 
ARCHIVES, Rosenbaum et al’ advocated vertical rectus mus- 
cle transposition surgery in conjunction with botulinum toxin 
(Oculinum) injection of the medial rectus muscle for esotropia 
as a result of abducens palsy. They suggested moving the 
superior and inferior recti muscles temporally to lie adjacent 
to the lateral rectus muscle. They gave a very detailed de- 
scription of the placement of these muscles. They were using 
botulinum toxin either before, during, or after surgery in this 
group of patients. 

In light of their results, I attempted this procedure but 
found that I induced vertical deviations at the time of the 
botulinum toxin injection. I am aware of the fact that injection 
of the medial rectus muscle with botulinum toxin may induce a 
vertical deviation as well; however, I detected these vertical 
deviations at the time of the transposition and before the 
botulinum toxin had been administered. As a result of these 
vertical deviations, I found that secondary procedures or 
postoperative prisms were necessary. 

This problem caused me to consult the authors concerning 
their technique. They stated that they had changed their 
technique because they had experienced similar problems. I 
suggested at that time that they write_a letter to the AR- 
CHIVES, stating that they had ix technique to 
eliminate these postoperative w 
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this technique and either continuing with it and producing 
vertical deviations or giving it up because of the vertical 
deviations in the immediate postoperative period. Therefore, 
I think the ophthalmologic community and anyone who treats 
sixth-nerve palsies would benefit from this added 
information. 

WILLIAM E. Scorr, MD 

Iowa City, Iowa 


1. Rosenbaum AL, Kushner BJ, Kirschen D. Vertical rectus muscle trans- 
position and botulinum toxin (Oculinum) to medial rectus for abducens palsy. 
Arch Ophthalmol. 1989;107:820-823. 


Adjustable Vertical Rectus Muscle Transposition Surgery 


To the Editor.—I and my coauthors’ recently published an 
article advocating vertical rectus muscle transposition sur- 
gery and botulinum toxin injection of the medial rectus muscle 
for esotropia as the result of abducens palsy. In that series of 
10 patients, one patient developed a hypertropia induced by 
full tendon vertical rectus muscle transposition surgery and 
required an additional surgical procedure to reposition the 
transposed superior rectus and relieve the hypertropia. 

Recently, I modified my surgical procedure in patients 
older than 12 years to permit postoperative adjustment of the 
vertical rectus muscles if an induced vertical deviation is 
detected in the immediate postoperative period. 

A circumferential conjunctival incision is made between the 
superior border of the lateral rectus muscle and the lateral 
border of the superior rectus muscle 7 mm posterior to the 
limbus. The superior rectus insertion is isolated through this 
incision. The intramuscular septum and attachments to the 
superior oblique are incised. The muscle is then transposed to 
the area of the superior insertional border of the lateral 
rectus. The edge is placed parallel to the upper border of the 
lateral rectus muscle and 1 mm superior to it. Two scleral 
bites are taken and a slip knot is tied in suture to permit 
possible adjustment on the first postoperative day. 

An identical procedure is performed through a separate 
curvilinear conjunctival incision on the inferior rectus muscle. 
The conjunctival incision is not closed at the time of surgery to 
permit adjustment. If a vertical deviation develops, the posi- 
tion of the superior or inferior rectus muscles can be adjusted 
on the first postoperative day. Following adjustment, each 
conjunctival incision may be closed with a single interrupted 
8.0 polyglycolic acid suture (Dexon). 

If this adjustable transposition procedure is used, botuli- 
num toxin injection of the ipsilateral medial rectus muscle 
should be performed several days after surgery. If the toxin 
injection is administered before or at the time of surgery, it 
becomes impossible to tell if any induced vertical deviation is 
due to unwanted spread of the toxin or the muscle transposi- 
tion procedure. I prefer to delay toxin injection until after the 
muscle transposition, so that any surgically induced vertical 
deviation can be resolved by the adjustment. 

To date, I have performed this procedure on seven pa- 
tients. One patient had an induced vertical deviation that was 
eliminated by a 2-mm repositioning of the inferior rectus 
muscle. 

ARTHUR L. ROSENBAUM, MD 
Los Angeles, Calif 


1. Rosenbaum AL, Kushner BJ, Kirschen D. Vertical rectus muscle trans- 
position and botulinum toxin (Oculinum) to medial rectus for abducens palsy. 
Arch Ophthalmol. 1989;107:820-823. 

Grams of Force 


To the Editor.—I compliment Britt et al’ for their excellent 
photographs and interpretation of the clinical significance of 
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microaerosol formation. In their “Comment” section, I count- 
ed five instances in which they used the phrase “g of force.” 
The authors may recall that gram is a unit of mass, not of 
force.” Force is measured in dynes (g:em:s~*) or in newtons 
(kg-m-s~’), and is the product of mass and acceleration, ac- 
cording to Sir Isaac Newton’s second law. For example, a 1-g 
mass at the surface of the earth is acted on by 1 g times 981 
em:s~*, or 981 dynes, of force, where 981 em:s~ is the accel- 
eration due to gravity. To a physicist, the phrase “grams of 
force” is meaningless. Britt et al may reply that two textbooks 
on glaucoma™ described the scale of Goldmann’s applanation 
tonometer as being calibrated in “grams of force,” but these 
textbooks also are in error. The authors may easily convince 
themselves of this by demonstrating that when the tonometer 
is set to “1,” the tip applies 1 g times 981 cm:s *, or 981 dynes, 
of force, to the corneal surface. This force is distributed over a 
surface area of 0.0735 em’, such that (981 dynes)/(0.0735 em’) 
= 1.335 x 10'dynes:em~* = 1.835 kPa = 10mm Hg. Thus, a 
scale reading of “1” translates to a pressure of 10mm Hg. This 
error demonstrates how we, as ophthalmologists, are often 
inaccurate in our use of physical principles and terms. 
JEFFREY W. KALENAK, MD 
Cleveland, Ohio 


1. Britt JM, Clifton BC, Barnebey HS, Mills RP. Microaerosol formation in 
noncontact ‘air-puff’ tonometry. Arch Ophthalmol. 1991;109:225-228, 

2. Shortley G, Williams D. Elements of Physics. 5th ed. Englewood Cliffs, 
NJ: Prentice-Hall International Ine; 1971:9. 

3. Epstein DL. Chandler and Grants Glaucoma. 3rd ed. Philadelphia, Pa: 
Lea & Febiger; 1986:17. 

4. Hoskins HD Jr, Kass MA. Becker-Schaffer's Diagnosis and Therapy of 
the Glaucomas. 6th ed. St Louis, Mo: Mosby-Year Book; 1989:67. 


In Reply.—Dr Kalenak’’ should be complimented for his 
vigilant stewardship of precise ophthalmic terminology. He 
is, of course, correct that a gram is a measure of mass, and the 
phrase “grams of force” implicitly includes the effect of the 
earth’s gravity, as does the commonly used phrase “millime- 
ters of Mercury.” The basis for the confusion about units of 
mass and force probably originates from the English system, 
in which a “standard pound” is a unit of mass, yet a “pound of 
force” is the force created by the action of gravity on a 
standard pound at sea level at 45° latitude. The confusion is 
perpetuated as we stand on our bathroom scale and read our 
weight (or force created on our mass by gravity) in pounds and 
kilograms. How can this be? In this context, a pound is force, 
but a kilogram is always mass. Should not the scale read in 
units of force (pounds, dynes, or newtons) since it is measur- 
ing the effect of gravity on our mass? 

Dr Kalenak notes that “To a physicist, the phrase ‘grams of 
force’ is meaningless,” but it is apparently prevalent in phys- 
ics textbooks. Sears and Zemansky’ observe that “the ‘gram 
of force’ is commonly used as a force unit in elementary 
physics texts, where the reader has probably met it. The 
‘kilogram force’ is used as a force unit in engineering work in 
those countries which use the metric system exclusively.” 

Faced with the dilemma of reporting tonometer pressure 
on the cornea in the face of conflicting usage by physicists and 
engineers, we elected the unit of “a gram of force” rather than 
“981 dynes” on the basis of simplicity alone. We had no 
intention of perpetuating a physical oxymoron. 

JAMES M. BRITT, MD 
BRADLEY C. CLIFTON 
Howarp S. BARNEBEY, MD 
RICHARD P. Mitts, MD 
Seattle, Wash 

1, Kalenak JW. Scleral rigidity. Ophthalmology. 1991;98:411. 

2. Kalenak JW. Grams of force. Arch Ophthalmol. 1991;109:1346. 


3. Sears FW, Zemansky MW. University Physics. Reading, Mass: 
Addison-Wesley Publishing Co; 1955:78. 
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REV-EYES™ 

(reev-eyes) 

dapiprazole hydrochloride 
Ophthalmic Eyedrops, 0.5%—Sterile 


DESCRIPTION 

For ophthalmic use only. 

REV-EYES is an alpha-adrenergic blocking agent. 

Dapiprazole hydrochloride is 5,6,7,8-tetrahydro-3-[2-(4-o.tolyl- 
1-piperazinyl)ethy!]-s-triazolo[4,3-a] pyridine hydrochloride. 
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Dapiprazole hydrochloride has the empirical formula CigH27Ns HCI 
and a molecular weight of 361.93. 

Dapiprazole hydrochloride is a sterile, white, lyophilized powder solu- 
ble in water. 

REV-EYES Eyedrops is a clear, colorless, slightly viscous solution for 
topical application. Each mL (when reconstituted as directed) contains 
5 mg of dapiprazole hydrochloride as the active ingredient. 

The reconstituted solution has a pH of approximately 6.6 and an 
osmolarity of approximately 415 mOsm. 

The inactive ingredients include: Mannitol (2%), Sodium Chloride, 
Hydroxypropyl Methylcellulose (0.4%), Edetate Sodium (0.01%), 
Sodium Phosphate Dibasic, Sodium Phosphate Monobasic, Water for 
Injection, and Benzalkonium Chloride (0.01%) as a preservative. 

REV-EYES Eyedrops, 0.5% is supplied in a kit consisting of one vial of 
dapiprazole hydrochloride (25 mg), one vial of diluent (6 mL) and one 
dropper for dispensing. 


CLINICAL PHARMACOLOGY 

Dapiprazole acts through blocking the alpha-adrenergic receptors in 
smooth muscle. Dapiprazole produces miosis through an effect on the 
dilator muscle of the iris. 

Dapiprazole does not have any significant activity on ciliary muscle 
contraction and therefore does not induce a significant change in the 
anterior chamber depth or the thickness of the lens. 

Dapiprazole has demonstrated safe and rapid reversal of mydriasis 
produced by phenylephrine and to a lesser degree tropicamide. In 
patients with decreased accommodative amplitude due to treatment 
with tropicamide the miotic effect of dapiprazole may partially increase 
the accommodative amplitude. 

Eye color affects the rate of pupillary constriction. In individuals with 
brown irides, the rate of pupillary constriction may be slightly slower 
than in individuals with blue or green irides. Eye color does not appear 
to affect the final pupil size. 

Dapiprazole does not significantly alter intraocular pressure in 
normotensive or in eyes with elevated intraocular pressure. 


INDICATIONS AND USAGE 

Dapiprazole is indicated in the treatment of iatrogenically induced 
mydriasis produced by adrenergic (phenylephrine) or parasympa- 
tholytic (tropicamide) agents. Dapiprazole is not indicated for the reduc- 
tion of intraocular pressure or in the treatment of open angle glaucoma. 
CONTRAINDICATIONS 

Miotics are contraindicated where constriction is undesirable; such 
as acute iritis, and in those subjects showing hypersensitivity to any 
component of this preparation. 


WARNING 

For Topical Ophthalmic Use Only. NOT FOR INJECTION. Do not 
touch the dropper up to lids or any surface, as this may contaminate the 
solution. Dapiprazole should not be used in the same patient more 
frequently than once a week. 


PRECAUTIONS 
Information to patients: Miosis may cause difficulty in dark adapta- 
tion and may reduce the field of vision. Patients should exercise caution 
when involved in night driving or other activities in poor illumination. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Dapiprazole 
has been shown to significantly increase the incidence of liver tumors 
in rats after continuous dietary administration for 104 weeks. This 
effect was found only in male rats treated with the highest dose admin- 
istered in the study, i.e., 300 mg/kg/day, (80,000 times the human 
dose) and was not observed in male and female rats at doses of 30 and 
100 mg/kg/day and female rats at doses of 300 mg/kg/day. 

Negative results have been reported on the mutagenicity and impair- 
ment of fertility studies with dapiprazole. 
Pregnancy: Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at doses up to 128,000 (rat) and 27,000 
(rabbit) times the human ophthalmic dose and revealed no evidence of 
impaired fertility or harm to the fetus due to dapiprazole. There are, 
however, no adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predictive of 
human response, this drug should be used during pregnancy only if 
clearly needed. 
Nursing mothers: It is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk, caution 
should be exercised when dapiprazole is administered to a nursing 
woman. 
Pediatric use: Safety and effectiveness in children has not been 
established. 


ADVERSE REACTIONS 

In controlled studies the most frequent reaction to dapiprazole was 
conjunctival injection lasting 20 minutes in over 80% of patients. Burn- 
ing on instillation of dapiprazole was reported in approximately half of 
all patients. Reactions occurring in 10% to 40% of patients included 
ptosis, lid erythema, lid edema, chemosis, itching, punctate keratitis, 
corneal edema, browache, photophobia and headaches. Other reac- 
tions reported less frequently included dryness of eyes, tearing and 
blurring of vision. 


DOSAGE AND ADMINISTRATION 
Two drops followed 5 minutes later by an additional 2 drops applied 
topically to the conjunctiva of each eye should be administered after 
the ophthalmic examination to reverse the diagnostic mydriasis. 
Dapiprazole should not be used in the same patient more frequently 
than once per week. 
Directions for Preparing Eyedrops: 
1. Use aseptic technique. 
2. Tear off aluminum seals, remove and discard rubber plugs from both 
drug and diluent vials. 
3. Pour diluent into drug vial. 
4. Remove dropper assembly from its sterile wrapping and attach to 
the drug vial. 
5. Shake container for several minutes to ensure mixing. 
Storage and Stability of Eyedrops: Once the eyedrops have 
been reconstituted they may be stored at room temperature 15°-30°C 
(59°-86°F) for 21 days. Discard any solution that is not clear and 
colorless. 


HOW SUPPLIED 
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Case Reports 


Complications of a Hexagonal Kera- 
totomy Following Radial Keratotomy 


Overcorrection is a frequent, signifi- 
cant complication of radial keratotomy 
(RK).’ Treatment of patients with 





See also p 1374. 





overcorrected RK requires spectacle 
or contact lens correction of the hyper- 
opia. Lindquist and associates’ de- 





Fig 1.—Gross photograph of the patient's cor- 
neal button showing multiple hexagonal and 
radial incisions with scarring. There were 
large areas of thickening of the corneal inci- 
sions in half of the cornea, especially where 
the incisions intersected. 





scribed a technique of suturing the 
radial incisions to treat overcorrection 
following RK. In 1986, Mendez’ pre- 
sented hexagonal keratotomy as a sur- 
gical treatment of hyperopia and over- 
correction after RK. We describe a 
patient who required a penetrating 
keratoplasty for corneal scarring and 
irregular astigmatism following hexag- 
onal keratotomy for an overcorrected 
RK, with multiple intersecting 
incisions. 

Report of a Case.—A 59-year-old man 
underwent RK of his left eye in July 1988. 
After surgery, his visual acuity was 20/20 
with —6.25 sphere. Five months later, his 
visual acuity was 20/20 with +2.00 +2.50 
x 175. In December 1988, two additional 
radial cuts were performed in the horizontal 
meridian to correct the induced astigma- 
tism. The astigmatism decreased, but the 
hyperopia remained (+3.00 sphere). The 
patient complained of blurred vision. Hex- 
agonal keratotomy was performed in July 
1989 to correct the remaining hyperopia. 
The patient then complained of ghost im- 
ages and continued blurred vision. Exami- 
nation revealed marked astigmatism 
(—3.00 +5.50 x140) and unmeasurable 
keratometric mire distortion. The hexago- 
nal cut was sutured. Follow-up revealed 
persistent hyperopia and astigmatism 
(+3.50 +2.50 x15), and hexagonal kerato- 
tomy was again performed. Afterward, the 
patient complained of monocular diplopia, 
and his vision was 20/60 with +1.50 +1.00 
x 180. Photokeratoscopy revealed a high 
degree of irregular astigmatism. Hard con- 


Fig 2.—Photomicrograph showing a large area of subepithelial fibrous metaplasia, corneal 
stromal fibrosis, and large gap of Bowman's membrane (between arrows) ata site of intersecting 
incisions. The right side of the figure shows a deep epithelial facet filling approximately 40% of 
stroma from a radial incision (hematoxylin-eosin, x 128). 
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tact lens overrefraction improved his vision 
to 20/30 with persistent monocular diplopia. 
A rigid, gas-permeable contact lens was 
fitted, but the patient was unable to toler- 
ate the lens. 

By June 1990, his visual acuity had de- 
creased to 20/50 with —5.00 +1.50 x 145. 
Examination revealed an irregular corneal 
surface with thickening and scarring of the 
radial and hexagonal incisions. On June 20, 
1990, a penetrating keratoplasty was per- 
formed and the corneal button was sent to 
our institute for analysis. 

Pathologic Findings.—Gross pathologie 
examination revealed eight RK incisions 
and a central hexagonal incision. There was 
a widening of the hexagonal incision with a 
thick, white epithelial plug and anterior 
stromal searring (Fig 1). 

Microscopic examination revealed gaps in 
Bowman's layer in the areas of the radial 
incisions filled with epithelial facets up to 
40% to 50% of the thickness of the stroma 
(Fig 2), Areas where the incisions intersect- 
ed showed a large amount of anterior fi- 
brous stromal metaplasia, elevating the epi- 
thelium (Fig 2). 


Comment.—Hexagonal keratotomy 
for the correction of hyperopia follow- 
ing RK may cause a corneal wound 
gape with scarring where the hexago- 
nal incisions intersect.’ After 1 year, 
RK wounds may still be weak and 
hexagonal keratotomy incisions inter- 
secting these wounds potentiate the 
chance of a large wound gape.’ In this 
case, two RKs, followed by two hexag- 
onal keratotomies, were performed in 
a 14-month period. The lack of ade- 
quate healing time, combined with the 
numerous intersecting incisions, con- 
tributed to the corneal wound gaping, 
opacities, and scarring seen on micro- 
scopic examination. Following RK, we 
believe that careful patient selection 
and surgical technique are necessary 
when considering hexagonal kerato- 
tomy for correction of postoperative 
hyperopia. Great care should be taken 
to avoid intersecting corneal incisions 
in these patients. 


MANABU TAMURA, MD 
NICK MAMALIS, MD 
KENNETH R. KREISLER, MD 
CHAD W. ANDERSON, MD 
Salt Lake City, Utah 


J. CHARLES CASEBEER, MD 
Flagstaff, Ariz 
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Corneal Toxicity Secondary to 
Hydrogen Peroxide—Saturated 
Contact Lens 


Microfiltered 3% hydrogen peroxide 
(H,O,) solutions have become increas- 
ingly popular as disinfectants for soft 
contact lenses. We report a case in 
which an aphakic soft contact lens 
stored for a week in a 3% H,O, solution 
(30 000 ppm) and inserted without neu- 
tralization caused a reversible corneal 
opacity. 

Report of a Case.—An 85-year-old wom- 
an without a history of blepharitis or dry 
eye had undergone a penetrating kerato- 
plasty with an extracapsular cataract ex- 
traction and posterior chamber lens implan- 
tation in the left eye for Fuchs’ corneal 
dystrophy 8 years earlier. Five months 
later, she developed a traumatic wound 
dehiscence requiring intraocular lens re- 
moval and anterior vitrectomy, resulting in 
a final visual acuity of 20/200 OS. Postoper- 
atively, the graft remained clear, with an 
epithelium that appeared to be normal and 
a corneal thickness of 0.64 mm. Recently, 
the patient presented for reinsertion of her 
aphakic soft contact lens, which had been 
removed 1 week earlier for cleaning and 
disinfection. The lens was removed from 





The left eye shows stromal bubbles after the 
insertion of a hydrogen peroxide—saturated 
contact lens. 
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the resealable glass contact lens vial and 
directly inserted into the patient’s eye. 
Disinfection had consisted of immersion of 
the lens in a 3% H,O, solution (Quik-Sept, 
Bausch and Lomb, Rochester, NY). Within 
seconds after insertion, a central white 
corneal opacity appeared. No discomfort or 
reflex tearing was noted. The contact lens 
was immediately removed and the eye irri- 
gated with sterile saline solution. The visual 
acuity was hand motions. Slit-lamp exami- 
nation at that time revealed a dense central 
white anterior stromal lesion consisting of 
fine bubbles that split the stromal lamellae 
(Figure), There was no overlying epithelial 
defect and no further detail of the epitheli- 
um could be distinguished. The anterior 
chamber examination revealed no gross cel- 
lular reaction or bubbles. When reexamined 
3 hours later, the stromal opacity had re- 
solved, leaving an area of microcystic ede- 
ma in the epithelium that cleared over 
several days. The corneal thickness 4 weeks 
later was 0.64 mm. The remainder of the 
slit-lamp examination was unremarkable. 
On investigation, researchers found that 
the contact lens vial, from which the contact 
lens was removed, contained unneutralized 
3% H,O, disinfecting solution. 

At this writing, the patient had been 
followed up for 9 months with no evidence 
of induced inflammation or graft rejection. 
The graft had actually continued to thin and 
her visual acuity was 20/100 OS. 


Comment.—Hydrogen peroxide is 
now widely used as a contact lens 
disinfecting agent. In 1988, Pogreb- 
niak and Sugar’ reported a corneal 
opacity similar in appearance to that in 
our patient. It occurred after applana- 
tion using a tonometer tip that had 
been stored in a 8% H,O, solution that 
had evaporated overnight. They hy- 
pothesized that the solution may have 
become concentrated by evaporation. 
In that case, as well as ours, the 
genesis of these corneal opacities ap- 
pears to be the generation of intrastro- 
mal gas bubbles (presumably oxygen) 
resulting from conversion of high local 
concentrations of H,O, into water and 
molecular oxygen. 

In our case, the soft contact lens was 
in a sealed container where evapora- 
tion would be expected to be negligi- 
ble. Because of its polarity and struc- 
ture, hydrogen  peroxide’s inter- 
molecular interactions involve exten- 
sive hydrogen bonding. Therefore, 
during the prolonged storage of the 
contact lens in this medium, it is likely 
that the H,O, solution formed hydro- 
gen bonds to the lens matrix (55% 
water content) and preferentially dis- 
placed the natural water content of the 
lens. This could result in a higher local 
concentration of H,O, than is present in 
the storage solution. The thick central 
aphakic portion of the soft contact lens 
could act as a reservoir of H,O, and a 
diffusion barrier to the diluting effect 
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of tears. In addition, due to the pa- 
tient’s age, reduced defense mecha- 
nisms against free radicals may have 
increased her susceptibility to injury. 

Hydrogen peroxide, through several 
reactions, is responsible for the gener- 
ation of the reactive hydroxyl free 
radicals that can cause degradative 
damage to stromal glycoconjugates.’ 
Tripathi and Tripathi have demon- 
strated corneal epithelial cell damage 
that depends on time and dose. Al- 
though the lens was removed immedi- 
ately, these reactions can occur in mil- 
liseconds and irreversible cell damage 
throughout the cornea may have 
occurred. 

Hydrogen peroxide disinfection sys- 
tems, while proven to be extremely 
effective agents for contact lens disin- 
fection, if used incorrectly, have the 
potential for corneal toxicity. 


The authors have no proprietary interest in any 
of the above-named products or in any other contact 
lens disinfectant system. 


KEVIN T. LAVERY, MD 
JOHN W. COWDEN, MD 
MARK L. MCDERMOTT, MD 
Detroit, Mich 
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Cutaneous Melanoma 
Metastatic to the 
Optic Disc and Vitreous 


Ocular metastases from cutaneous 
melanoma most commonly involve the 
uveal tract. Metastases to other struc- 
tures in the eye are uncommon. We 
describe a patient with known cutane- 
ous melanoma who was found to have 
metastatic lesions in the optic disc and 
vitreous in one eye. Although a vitre- 
ous biopsy was performed to establish 
the diagnosis, comparison of the find- 
ings in the present case with those in 
previously reported cases suggests 
that the clinical picture of melanoma 
metastatic to the disc and vitreous is 
often distinctive enough to be of diag- 
nostic value. 


Report of a Case.—A 36-year-old man 
complained of floaters and blurred vision in 
his left eye of 2 weeks’ duration. Ten years 
earlier, he had undergone resection of a 
cutaneous melanoma from the right side of 
his neck, and subsequently was treated for 
pulmonary metastases with radiation, im- 
munotherapy, and a bone marrow trans- 
plant. 
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Fig 1.—Fundus photograph of the left eye showing an enlarged lobu- 
lated optic disc with multiple superficial cysts. Linear arrays of vitreous 
spherules appear to emanate from the disc. 


Fig 2.—Fluorescein angiogram of the left eye in the early arteriove- 
nous phase. Note the punctate hyperfluorescence of the disc. 


Fig 3.—Photomicrograph of a single vitreous spherule composed of 
amelanotic malignant tumor cells (Papanicolaou’s stain, original mag- 





Examination results of the right eye were 
normal. In the left eye, visual acuity was 
20/200 with decreased color vision and a 
dense inferior arcuate field defect. A left 
afferent pupillary defect was present. Sus- 
pended in the vitreous were numerous pale 
gray spherules that appeared to emanate 
from the region of the optic disc in a “string- 
of-pearls” configuration. No inflammatory 
cells were seen. The optic disc was en- 
larged, elevated, and chalky white over 
most of its surface. Several ill-defined gray- 
ish cystic areas were evident within the 
substance of the disc, creating a slightly 
lobulated contour (Fig 1). Fluorescein angi- 
ography demonstrated early punctate hy- 
perfluorescence (Fig 2) and late staining of 
the disc. A vitreous biopsy revealed aggre- 
gates of amelanotic malignant tumor cells 
that were consistent with melanoma (Fig 
8). The results of magnetic resonance imag- 
ing of the brain and analysis of cerebrospi- 
nal fluid were normal. 


Comment.—A review of the litera- 
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ture disclosed seven cases of cutaneous 
melanoma metastatic to the optic 
nerve, four with invasion of the optic 
disc and two associated with tumor 
cells in the vitreous. Four additional 
cases of vitreous metastases were 
identified. Our case brings to 12 the 
number of cases in which one or both 
sites were involved. The age of the 
patients ranged from 28 to 77 years 
(mean age, 46 years). In all but one 
case, the diagnosis of melanoma pre- 
ceded the appearance of ocular 
metastases. 

The vitreous biopsy specimen dem- 
onstrated the malignant nature of the 
vitreous spherules in our patient. 
However, the pathogenesis of these 
peculiar satellite metastases remains 
open to speculation. Since tumor cells 
in extraocular locations lack direct ac- 
cess to the vitreous, it seems reason- 


able to assume that seeding originates 
from metastases involving ocular 
structures immediately adjacent to the 
vitreous. In our case, the cystic ap- 
pearance of the optic disc and the 
manner in which the spherules were 
disposed with respect to the disc sug- 
gested that the optic nerve was the 
site of spherule formation. 

Vitreous metastases in the form of 
discrete, noninflammatory spherules 
have been described previously," and 
in one case, they formed linear arrays 
that emanated from the vicinity of the 
disc.’ Further evidence favoring the 
disc as the site of origin can be found in 
the first reported case? of cutaneous 
melanoma metastatic to the optic 
nerve. An illustration of the histologic 
appearance of the prelaminar portion 
of the nerve shows complete replace- 
ment of neural tissue by a cauliflower- 
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shaped tumor mass with multiple 
prominent surface papillae, each en- 
closing either a central cystic space or 
the termination of a vascular channel. 
Interestingly, the most superficial of 
these projections have attenuated at- 
tachments and appear to be in the 
process of separating. We propose that 
the vitreous spherules in our patient 
formed in the substance of the optic 
disc, emerged from the disc surface as 
cystic buds, pinched off proximally, 
and detached into the vitreous. 


STEPHEN C. POLLOCK, MD 
CARL C. AwH, MD 
JONATHAN J. DUTTON, MD 
Durham, NC 


We acknowledge the assistance of Eugene De- 
Juan, MD, who performed the vitreous biopsy. 
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Contact Lens-Related 
Streptococcus viridans Keratitis 
Presenting as an Epithelial Defect 





Contact lens wear is associated with an 
increased risk of infectious keratitis 
that may present with atypical signs. 
We describe a case of Streptococcus 
viridans keratitis presenting as a small 
epithelial defect. 


Report of a Case.—A 64-year-old white 
woman was referred for evaluation of a 
corneal abrasion. She was wearing daily- 
wear soft contact lenses and described a 2- 
day history of a gritty and irritated right 
eye. On examination, her corrected visual 
acuity was 20/30+ OD and 20/25+ OS. 
There was trace hyperemia of the superior 
bulbar conjunctiva. The right cornea had a 
1-mm epithelial defect at the 10-0’clock posi- 
tion 2 mm from the limbus. There was no 
stromal infiltrate and the anterior chamber 
was quiet. Scrapings of the defect with a 
sterile Kimura spatula were plated on blood 
agar, and tobramycin therapy (3 mg/mL 
every hour) was initiated. Heavy growth of 
S viridans sensitive to cefazolin was noted 
on multiple C streaks within 24 hours. The 
tobramycin therapy was discontinued and 
hourly treatment with 50 mg/mL of fortified 
cefazolin was begun. Complete resolution of 
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the defect occurred after 5 days of therapy. 


Comment.—This case represents an 
early phase of infectious keratitis in a 
patient wearing contact lens with mini- 
mal signs and symptoms. Pseuwdomo- 
nas keratitis has been reported to pre- 
sent as an epithelial erosion in contact 
lens wearers.’* Treatment of these pa- 
tients with a pressure patch and a 
single dose of antibiotic ointment re- 
sulted in a delay in appropriate diagno- 
sis and therapy. 

Our case emphasizes the importance 
of considering infectious keratitis in 
the differential diagnosis of an epitheli- 
al defect in contact lens wearers. In 
such cases, obtaining cultures and in- 
stituting therapy with broad-spectrum 
antibiotics may prevent progression to 
corneal ulceration. 


RICHARD C. NAUHEIM, MD 
JACK S. NAUHEIM, MD 
Merrick, NY 
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MORE AND MORE SURGEONS 





Corneal clouding, persistent bullous ker- 
atopathy, and postoperative iritis following 
cataract extraction with utilization of intra- 
ocular carbachol have been reported. As 
with all miotics, retinal detachment has 
been reported when miotics are used in cer- 
tain susceptible individuals. 


Please see next page for product disclosure 
information. 
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MIOSTAT® solution growth 
1986-1990 





A message from the marketplace—The message is loud and 
clear—more ophthalmic surgeons than ever before are now 
choosing the practical advantages of MIOSTAT.” Why? 
Because MIOSTAT solution is supported by an ever-growing 
body of scientific documentation and because it truly 
delivers on its pledge of efficacy and safety. 

A message of clinical efficacy—MIOSTAT solution constricts 
pupils for up to 24 hours after surgery...generally reversible 
if less miosis is needed, That’s full-day, quick-onset 


protection with little or no ocular disturbance due to 
premature mydriasis. 


A message of proven safety—Stable pH...compatible osmolality, 
The only intraocular miotic agent with a BSS® sterile 
irrigating solution delivery system. Nontoxic to delicate 


intraocular tissues. Protects against iris incarceration and 
helps to stabilize IOLs. 


When the messages during surgery are 
efficacy and safety, the messenger is 


MIOSTAT 


(CARBACHOL 0.01%) 
INTRAOCULAR SOLUTION 


Alcon 


SURGICAL 


Alcon Surgical, Inc. ©Copyright, Alcon Surgical, 
6201 South Freeway Innovation Inc., 1990 

Fort Worth, TX 76134 BSS 020 
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MIOSTAT® 
(CARBACHOL) 
0.01% INTRAOCULAR SOLUTION 


DESCRIPTION: MIOSTAT® (Carbachol 0.01%) is a sterile 
balanced salt solution of carbachol for intraocular injection. 
The active ingredient is represented by the chemical 
structure: 


0 CH, 
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N—C—0—CH,—CH,—N—CH, | CI7 
A | 
H CH, 


Established name: 
Carbachol 

Chemical name: 
Ethanaminium, 
2-[(aminocarbonyl) oxy]- 
N,N,N-trimethyl-, chloride. 


Each mL contains: Active: Carbachol 0.01%. Inactive: 
Sodium Chloride 0.64%, Potassium Chloride 0.075%, 
Calcium Chloride Dihydrate 0.048%, Magnesium Chloride 
Hexahydrate 0.03%, Sodium Acetate Trihydrate 0.39%, 
Sodium Citrate Dihydrate 0.17%, Sodium Hydroxide and/or 
Hydrochloric Acid (to adjust pH) and Water for Injection. 
DM-01 
CLINICAL PHARMACOLOGY: Carbachol is a potent 
cholinergic (parasympathomimetic) agent. 
INDICATIONS AND USAGE: Intraocular use for miosis 
during surgery. 
CONTRAINDICATIONS: Should not be used in those 
persons showing hypersensitivity to any of the components 
of this preparation. 


WARNINGS: For single-dose intraocular use only. Discard 
unused portion. Intraocular carbachol 0.01% should be used 
with caution in patients with acute cardiac failure; bronchial 
asthma, peptic ulcer, hyperthyroidism, G.I. spasm, urinary 
tract obstruction and Parkinson’s disease. 

ADVERSE REACTIONS: Side effects such as flushing, 
sweating, epigastric distress, abdominal cramps, tightness 

in urinary bladder, and headache have been reported after 
systemic or topical use of carbachol. These symptoms were 
not reported following intraocular use of carbachol 0.01% in 
pre-marketing studies. 


Corneal clouding, persistent bullous keratopathy and post- 
operative iritis following cataract extraction with utilization 
of intraocular carbachol have been reported in an occasional 
patient. As with all miotics, retinal detachment has been 
reported when miotics are used in certain susceptible 
individuals. 


OVERDOSAGE: Atropine should be administered 
parenterally (for dosage refer to Goodman & Gilman or 
other pharmacology reference). 


DOSAGE AND ADMINISTRATION: Aseptically remove the 
sterile vial from the blister package by peeling the backing 
paper and dropping the vial onto a sterile tray. Withdraw the 
contents into a dry sterile syringe, and replace the needle 
with an atraumatic cannula prior to intraocular irrigation. 
No more than one-half milliliter should be gently 
instilled into the anterior chamber for the production of 
satisfactory miosis. It may be instilled before or after 
securing sutures. Miosis is usually maximal within two to five 
minutes after application. 


HOW SUPPLIED: In 1.5 mL sterile glass vials packaged 
twelve to a carton. NDC 0065-0023-15 
STORAGE: Store at controlled room temperature 15°-30°C 
(59°-86°F). 

CAUTION: Federal (USA) law prohibits dispensing without 
prescription. 


Alcor’ 


6201 SOUTH FREEWAY 
FORT WORTH, TX 76134 


1-800-TO ALCON (1-800-862-5266) REVISED: January 1990 
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any other single publication. 
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“I have never gotten used to people dying. And I don’t 


want to get used to it.” 


Dr. Aliza Lifshitz, Internist, Los Angeles, California, Member, American Medical Association 


Patients come to physicians for many reasons. 
Beyond relief from pain, they seek compassion, 
empathy and support. AIDS patients receive all of 
these and more from Dr. Aliza Lifshitz. 

Born and raised in Mexico and educated at one of 
Mexico City’s finest medical schools, Dr. Lifshitz now 
serves the Hispanic community in Southern California. 
Over a third of her patients have tested HIV positive. 
Most live below the poverty level. Many are illegal aliens. 

“I never forget what it means to be a doctor, and 
what it means is embodied in the Principles of Medical 


Ethics of the American Medical Association (AMA),” 
states Dr. Lifshitz. 

Dr. Lifshitz is a testament to what is best in 
medicine. She is also a member of the AMA. If you 
want to join her, return the attached postage-paid 
card or call 1-800-AMA-3211. 


American Medical Association 


Physicians dedicated to the health of America 
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Your Single Souree 
for Small Incision Surgery. 
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SITE TXR” 
Total Surgical System 

Your choice... Peristaltic or 
Diaphragm Microsurgical Systems 
with phaco, cutting, bipolar, 
eg ultrasound and I/A 
modules to meet your needs. 


Phaco handpiece delivers smooth, 
virtually “bubble-free” emulsifica- 
tion for visual clarity. 

Surgeon controlled power. 

True modularity for reduced down- 
time and economical upgrades. 
Overnight service; next day 
delivery. 


SLIMFIT™ Small Incision 
Ovoid Lenses 


Thin optic profile for easy insertion. 


Enhanced visualiza 





; $ ui 
with 


violet haptics. 


PMMA material with over 40 years 
of proven experience. 


Four lens designs currently avail- 
able, additional one and three- 
piece styles coming soon. 


No change in insertion technique. 


Pharmaceutical Products 

A full line of high quality surgical 

products: 

e Miochol” Intraocular miotic 

¢ Amvisc’ Plus viscoelastic 

* IOCARE’ Balanced Salt Solution 
15ml and 500ml sizes 

+ Inflamase’ Forte potent steroid 

e Dexacidin” antibiotic/steroid 
combination 


* Gentacidin’® broad-spectrum 








antibacterial 
Educational Services 
The Physician's Education 
Program offers residents and 
practicing ophthalmologists one 
and two-day courses such as 
Three Steps to Phaco and Next 
Step to Phaco. Some CME 
accreditation available. 





IOLAB Audiovisual Library 
includes comprehensive informa- 
tion on products, techniques and 
technologies. All tapes are for loan 
or purchase. 


Quality products and services from IOLAB, a Johnson & Johnson company. 


Visit us at Booth #2018 at the AAO Convention. 
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16% RBRVS Conversion Factor to Be Reduced 


Washington, DC.—Department of Health and Hu- 
man Services officials have agreed to a compromise 
regarding the controversial 16% conversion factor used 
in the resource-based relative value scale (RBRVS).' 
Reportedly, the 16% figure is to be cut in half, but 
specific details are not yet available. 

The proposed rules for the new physician payment 
system based on an RBRVS? provoked disapproval 
from almost every quarter affected by the legislation. 
Medicare officials received a record number of com- 
ments—more than 95 000—concerning the legislation. 
Seventy-seven percent of the 535 representatives in 
Congress have written to the Health Care Financing 
Administration (HCFA), the Department of Health 
and Human Services, the Office of Management and 
Budget, or President Bush (Am Med News. September 
2, 1991:4). Members of the congressional committees 
that oversee Medicare have signed joint letters protest- 
ing the proposed rules. Tens of thousands of physicians, 
medical groups, patients, and health professionals have 
sent letters voicing their concerns. In response, on July 
30, 1991, the House Republican Policy Committee 
passed a resolution urging the administration to with- 
draw and rewrite the proposed rules. 

The major controversey is based on a 1989 law requir- 
ing Medicare to pay physicians using an RBRVS. The 
values determined by the scale are then multiplied by a 
monetary conversion factor and actual payments are 
calculated. The HCFA contends that the conversion 
factor must be reduced by 16% to assure that 1992 
Medicare spending is “budget neutral,” that is, the 
same as it was before Medicare reform. 

Critics of the proposed rules say that the rules go 
beyond budget neutrality and threaten to undermine 
the entire physician payment reform system before it is 
even implemented. James S. Todd, MD, Executive 
Vice President of the American Medical Association 
(AMA), stated that the proposed regulations will nulli- 
fy projected increases for primary care physicians and 
for all physicians practicing in rural areas. “In addition, 
the projected reductions for certain services could 
cause some physicians to be paid less than they receive 
for the same services under Medicaid.” 

US Rep Fortney “Pete” Stark (D, Calif) is the first 
Congressman to offer a legislative solution to the prob- 


Julie Foreman, Section Editor 
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lem. On July 29, 1991, Stark introduced legislation that 
would “force the HCFA to change the way it has calcu- 
lated payments and eliminate these payment cuts” (Am 
Med News. August 12, 1991:4). Stark’s legislation would 
amend the rules on the 5-year RBRVS transition period 
by “barring HCFA from adjusting the conversion fac- 
tor for volume increases the agency presumes RBRVS 
will spawn” (Am Med News. August 12, 1991:4). 

Stark fears that administration officials may try to 
block attempts to restore Medicare reform to its proper 
path. As aresult, he said that Congress must be willing 
to enforce its intent and to enact legislation that gets 
Medicare payment reform back on track. 

The AMA and the Physician Payment Review Com- 
mission (PPRC) dispute the administration’s conten- 
tion that the 16% cut was an unavoidable consequence 
of the law that created payment reform. Both the AMA 
and the PPRC believe that the reductions that would 
follow from the proposed rules may exceed 16%. They 
also believe that the RBRVS may need further revision 
because some surgical and diagnostic procedure pack- 
ages are undervalued. 

The AMA and the PPRC have identified several 
HCFA assumptions that could cut payments further. 
Their estimates of the additional reductions vary, but 
both parties agree that underlying assumptions could 
make a substantial difference in the final payment 
rates. Specifically, the AMA and the PPRC believe that 
the way the HCFA interpreted some data sets could 
have reduced the conversion factor by 2%. They chal- 
lenge the HCFA’s assumption that all physicians will 
charge the maximum amount possible under the new 
system and contend that some physicians who know 
Medicare’s top price today don’t always charge it. The 
PPRC also believes that the HCFA’s projections about 
how upcoming coding changes will affect payments may 
be inaccurate and may reduce the conversion factor by 
up to 5%. 

The AMA and the PPRC are optimistic that, with 
advice from medical specialty societies, the RBRVS 
can be correctly adjusted. 


JULIE FOREMAN 
1. Foreman J. AMA responds to RBRVS with grassroots campaign. Arch 
Ophthalmol. 1991;109:1207. 


2. Foreman J. RBRVS cuts ophthalmologists’ Medicare fees by 35%. Arch 
Ophthalmol. 1991;109:1069. 
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Book Reviews 
Edited by Daniel M. Albert, MD 


Beard’s Ptosis, 4th ed, by Michael Calla- 
han and Crowell Beard, 319 pp with illus, 
Birmingham, Ala, Aesculapius Company- 
Publishers Inc, 1990, $125. 


Michael Callahan has collaborated 
with Crowell Beard to update Beard’s 
classic book on ptosis. This edition, the 
first published by Aesculapius Publish- 
ers Inc, Birmingham, Ala, supplants 
the third edition that was released by 
CV Mosby Co, St Louis, Mo, in 1981. 
Though there have not been landmark 
changes in the surgical approach to pto- 
sis during the past decade, the authors 
attempt to approach evolving perspec- 
tives in the treatment of ptosis. 

The overall organization of the book 
remains faithful to previous editions. 
The initial chapters addressing the his- 
tory of ptosis, anatomy, pathophysiolo- 
gy, classification, and appropriate pto- 
sis examination provide a thorough 
background to these topics. The organi- 
zation of the various surgical chapters is 
logically divided into chapters on sur- 
gery for levator maldevelopment, myo- 
genic, aponeurotic, neurogenic, and 


“This edition respects prior edi- 
tions and provides substantial 
improvements.” 


pseudoptosis. This organization logical- 
ly reflects current trends in the ap- 
proach to ptosis surgery in which there 
is an increased interest in understand- 
ing and directly addressing the underly- 
ing pathogenesis rather than choosing a 
surgical procedure empirically. Howev- 
er, in each case, the authors’ stated goal 
is “to fully describe those procedures 
which have predictable results and the 
widest margin of error.” 

Common and uncommon techniques 
of ptosis repair are discussed in detail. 
Each surgical section benefits from an 
accompanying discussion of the associ- 
ated complications and their treatment. 
Accompanying illustrations, many of 
which are in color, and photographs 
serve as a useful guide. The introduc- 
tion of color illustrations is aesthetically 
pleasing and enhances the book’s educa- 
tional value as well. 

The notable additional procedures 
that are described in this edition include 
internal Miiller muscle-conjunctiva re- 
section, early postoperative revision of 
levator aponeurotic surgery, functional 
blepharoplasty, and direct browlift. 

The appeal of this book has been 


clearly established since it was first 
published in 1969. This edition respects 
prior editions and provides substantial 
improvements. Ophthalmology resi- 
dents, the occasional ptosis surgeon, as 
well as the oculoplastic subspecialist can 
all learn from this book. 

PETER A. D. RUBIN, MD 

Boston, Mass 


Sudden Vision, The RK Procedure for 
Nearsightedness and Other Wonders of 
Modern Ophthalmology (booklet), by John 
Crater, 213 pp with illus, Thorofare, NJ, Slack 
Inc, 1990, set of 10 for $75. 


Whether to undergo radial keratot- 
omy is a question many myopes ask 
themselves. Sudden Vision, written by 
a patient, is for patients considering this 
question. The booklet assumes that the 
reader has little ophthalmic knowledge 
and starts by providing basic informa- 
tion about the anatomy of the eye, oph- 
thalmic examinations, refractive er- 
rors, and the different myopias. The 
majority of the booklet is about radial 
keratotomy and why the reader should 


“. . . this booklet may not provide 
all the necessary details ... be- 
cause significant information on 
why not to have the operation is 
absent.” 





submit to the operation. There are chap- 
ters on the advantages of monocorrec- 
tion, the final refraction that should be 
requested, what to expect during and 
after the operation, the chances of 
achieving uncorrected 20/20 vision, and 
the risks associated with the operation. 
Additionally, there are chapters on hy- 
peropia, astigmatism, and the benefits 
of wearing glasses or contact lenses. 
The strength of the booklet is the au- 
thor’s witty conversational style. Cra- 
ter correctly points out that radial kera- 
totomy is much more successful for 
patients with low myopia than for those 
with high myopia, and makes a good 
case for operating on only one eye so 
that the myopia in the eye not operated 
on is available to correct presbyopia. 
Undercorrection, as opposed to over- 
correction, is discussed and advocated 
because it can be corrected with more 
surgery. The chapters about the opera- 
tion and the postoperative course con- 
tain enough detail to enable the patient 
to have realistic expectations. The po- 
tential risks are listed, but the author 
does not seem to take them seriously. 
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For example, one noted risk is “jaw ache 
from constant grinning ... after the 
operation.” 

There are two informative “General 
Purpose” sections. One appendix, enti- 
tled “Eyemergencies” [sic], reviews ba- 
sic first aid for the eye, and includes a 
discussion on acute glaucoma. The glos- 
sary will be helpful for patients with eye 
diseases. One humorous entry is “Plus- 
sign eye: found only in dead or uncon- 
scious cartoon characters.” 

The chapters are organized to pro- 
vide a persuasive story for the benefits 
of the operation rather than a logical 
framework for understanding it. The 
chapter titles are amusing, but they do 
not allow the reader to find information 
quickly. The booklet is well illustrated 
by diagrams and cartoons to explain re- 
fraction and radial keratotomy. 

Crater’s favorable experience with 
the operation is emphasized throughout 
the booklet. Although he cautions that 
any medical decision should be made by 
patients and their physicians, he allows 
his enthusiasm to taint his discussions 
about radial keratotomy. This booklet is 
useful for patients who have decided to 
undergo the operation and are looking 
for a layperson’s guide. However, this 
booklet may not provide all the neces- 
sary details for the patient who wants 
objective information, because signifi- 
cant information on why not to have the 
operation is absent. 

DONALD FONG, MD 
Boston, Mass 


Microsurgery of Retinal Detachment, 
2nd ed, by Mireille Bonnet, 313 pp with illus, 
New York, NY, Field and Wood Medical Pub- 
lishers Inc, 1989, $120. 


This new edition is divided into four 
sections: “Preoperative Exam”; “In- 
strumentation”; “Surgical Techniques”; 
and “Types of Retinal Detachment: 
Clinical Characteristics and Surgical 
Management.” The book is well writ- 
ten, with good organization and appro- 
priate illustrations. The figures and 
drawings are in black and white, but 
are nicely produced, plentiful, and 
instructive. 

In this book, Bonnet shares her ex- 
tensive experience in the management 
of retinal detachment. The book is up 
to date and well referenced and has a 
lucid, informative, and easy-to-read 
style. Unfortunately, the text is com- 
plete with all the biases that a single 
viewpoint often implies. For example, 


Book Reviews 


Bonnet repeatedly affirms that “perma- 
nent retinal reattachment can be 
achieved in 100% of eyes,” when she 
describes certain types of detachments 
such as retinal detachment with retinal 
dialysis. Such assurance detracts from 
other experience that the author 
shares. 

The main element of this book is the 
use of microsurgical techniques for reti- 
nal detachment surgery. Bonnet be- 
lieves that the use of a microscope and 


é 


“... Bonnet shares her exten- 
sive experience in the management 
of retinal detachment.” 





contact lens lessens the incidence of op- 
erative complications, postoperative 
cystoid macular edema, and failures for 
easy detachments. I suspect that most 
vitreoretinal surgeons prefer the indi- 
rect ophthalmoscope and loupes for 
scleral buckling procedures and achieve 
similar results. Indeed, for small pupils 
and media opacities (which are not un- 
common in retinal detachment opera- 
tions), the indirect ophthalmoscope is 
probably superior. 

In addition to the use of a contact lens 
and microscope for scleral buckling op- 
erations, Bonnet espouses other tech- 
niques that differ from those currently 
employed by the majority of vitreore- 
tinal surgeons. For example, gas-fluid 
exchange is achieved by withdrawing 
fluid from the vitreous cavity and then 
injecting gas via the limbus in aphakic 
eyes and through the pars plana rather 
than the simultaneous gas-fluid ex- 
change with the use of air pumps. The 
author's routine use of lyophylized hu- 
man tissue for scleral buckling material 
is not general practice today. I would 
also not be so dogmatically opposed to 
subretinal fluid drainage. Bonnet es- 
chews subretinal fluid drainage even in 
chronic retinal detachments and prolif- 
erative vitreoretinopathy unless abso- 
lutely necessary. 

Aside from the limitations imposed 
by its single-author viewpoint, Micro- 
surgery of Retinal Detachment is a use- 
ful addition to any library as it offers an 
alternative microsurgical technique for 
successful scleral buckling operations. 

JOHN J. WEITER, MD 
Boston, Mass 


New Trends in Lipid Mediators Re- 
search, vol 5, Lipid Mediators in Eye In- 
flammation, edited by N. G. Bazan (P. Bra- 
quet, series ed), 192 pp with illus, Basel, 
Switzerland, S Karger AG, 1990, $118.75. 


Metabolites of lipids are involved in a 
broad array of biological activities. 
They are crucial in physiologic respons- 
es, including cell signal transduction, 
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and in pathologic processes of the in- 
flammatory response. The roles of phos- 
pholipase A,, leukotrienes, prostaglan- 
dins, platelet-activating factor, and 
other biologically active lipid-derived 
mediators in ocular inflammation are 
discussed in this slim volume. 

Many researchers are studying the 
role of lipid mediators in ocular inflam- 
mation and efforts continue to develop 
pharmacologic means of influencing the 
effects of these mediators. The time is 
right for a text summarizing our current 
understanding but, unfortunately, this 
monograph is only partially successful. 


“... of most interest to those 
conducting research on inflamma- 
tion and pharmacology. . . .” 


Twenty-six authors contributed to 
the 12 chapters that vary from individ- 
ual experimental projects to literature 
reviews. Some chapters concentrate on 
basic cell biology and biochemistry, 
while others describe clinical responses 
in animal models. 

An effort was made to include infor- 
mation on ocular inflammation at a vari- 
ety of anatomic sites, including the cor- 
nea, conjunctiva, anterior segment, 
lens, retina, and blood vessels. The ref- 
erences in these chapters are exhaus- 
tive and provide easy access to the ma- 
jority of articles in the ophthalmic 
literature. 

Regrettably, the book lacks a unify- 
ing chapter. The preface is too short to 
serve this purpose. This text will be of 
most interest to those conducting re- 
search on inflammation and pharmacol- 
ogy, and will have only limited appeal to 
clinicians. 

MICHAEL B. RAIZMAN, MD 
Boston, Mass 


Bear in Mind 


The following is a list of books re- 
viewed from July through December 
1990 that were considered important 
contributions to the ophthalmic litera- 
ture. The issue months are indicated. in 
parentheses and arranged in the order 
that the reviews appeared. 


Clinical Ocular Oncology, by Devron H. 
Char, 402 pp with illus, New York, NY, Chur- 
chill Livingstone Inc, 1989, $185. 

“A thoughtfully planned book with an abun- 
dance of excellent photographs” (July 1990). 


Clinical Ophthalmology: A Systematic 
Approach, 2nd ed, by Jack J. Kanski, 491 pp 
with illus, Stoneham, Mass, Butterworths, 
1989, $95. 

“Achieves the author's goal of presenting 
the subject matter in a clear, concise fashion” 
(August 1990). 


A Color Atlas of Ptosis: A Practical 
Guide to Evaluation and Management, by 
Jonathan J. Dutton, 156 pp with illus, Boston, 
Mass, PG Publishing, 1989, $59. 

“A workable solution for the ophthalmolo- 
gist confronted with a patient with ptosis” (Au- 
gust 1990). 


Oculoplastic, Orbital, and Reconstruc- 
tive Surgery, vol 2: Orbit and Lacrimal 
System, edited by Albert Hornblass, 822 pp 
with illus, Baltimore, Md, Williams & Wilkins, 
1990, $139.95. 

“ ‘Two thumbs up’ for any ophthalmologist 
who has a specialized interest in orbital and 
oculoplastic diseases” (August 1990). 


The Vitreous: Structure, Function and 
Pathobiology, by Jerry Sebag, 173 pp with 
illus, New York, NY, Springer-Verlag NY Inc, 
1989, $69. 

“Successfully blends historic observations 
and hypotheses with current data” (Septem- 
ber 1990). 


Current Therapy in Ophthalmic Sur- 
gery, edited by George L. Spaeth, Jay L. 
Katz, and Kenneth W. Parker, 352 pp with 
black-and-white illus, Philadelphia, Pa, BC 
Decker Inc, 1989, $81.50. 

“Fulfills its goal for anterior segment sur- 
gery” (September 1990). 


Oculoplastic and Orbital Emergencies, 
edited by John V. Linberg, 226 pp with illus, 
East Norwalk, Conn, Appleton & Lange, 
1989, $39.95. 

“Imposes order on the all too often chaotic 
nature of such emergencies” (September 
1990). 


Glare and Contrast Sensitivity for Clini- 
cians, edited by M. Princeton Nadler, David 
Miller, and Daniel J. Nadler, 150 pp with illus, 
New York, NY, Springer-Verlag NY Inc, 1990, 
$69. 

“Useful to anyone with an interest in visual 
function testing” (October 1990). 


Diagnosis and Management of Orbital 
Tumors, by Jerry A. Shields, 399 pp with illus, 
Philadelphia, Pa, WB Saunders Co, 1989, 
$125. 

“The author's vast clinical experience per- 
mits him to speak authoritatively” (October 
1990). 


Glaucoma: A Colour Manual of Diagno- 
sis and Treatment, by Jack J. Kanski and 
James A. McAllister, 152 pp with illus, Stone- 
ham, Mass, Butterworths, 1989, $75. 

“A valuable asset to both the beginning 
student of glaucoma and the seasoned clini- 
cian” (November 1990). 


Stallard’s Eye Surgery, 7th ed, by M. J. 
Roper-Hall, 457 pp with illus, Stoneham, 
Mass, Butterworths, 1989, $150. 

“A valuable addition to the surgical library of 
any ophthalmologist” (December 1990). 
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Questions and Answers 
Edited by Stewart MacKay Wolff, MD 


The rapid and complex advances in ophthalmic science make it difficult to keep wp with the many changes 
that are occurring in our specialty. The ARCHIVES solicits your questions and requests that they be clearly 
stated and reasonably focused. We cannot expect our consultants to respond to questions that are too wide 
ranging and not clearly defined. Please limit your questions to five or six double-spaced lines and follow the 
guidelines put forth in our “Instructions for Authors” (see Table of Contents for issue information). A signed 
copyright transmittal letter to the AMA should accompany all submissions. We have asked our referees to 
limit their answers to 35 lines. Questions should be sent to Stewart M. Wolff, MD, 11 E Chase St, Baltimore, 
MD 21202. We will do our best to provide answers to all appropriate questions. 


Chloroquine Retinopathy 


Rheumatologists frequently send patients to our eye care 
Q center to rule out chloroquine retinopathy. What tests 
should be performed to aid in the diagnosis of this condition? Is 
chloroquine retinopathy dose-related or idiosyncratic? What are 
the relative and absolute indications for the discontinuation of 
chloroquine therapy? 
JOHN F. RAMSEY, MD 
Sandy, Utah 


A Patients who are receiving antimalarial agents should 

record their data every 2 weeks at home using Amsler’s 
chart and see their ophthalmologist every 6 months. Color- 
vision testing (Ishihara) is often a clue as to the presence of 
early retinopathy in patients whose visual field testing is 
unreliable. Generally, patients do not require automated pe- 
rimetry unless their Amsler grid test result is positive. The 
Amsler grid is more sensitive than Goldmann perimetry.’ A 
prospective, 3-year, multicenter study presently ongoing will 
determine whether the Amsler chart is more or less sensitive 
than the Humphrey 10-2 red and white program. 

Patients who weigh 61.5 kg and are taking two pills a day of 
hydroxychloroquine or one pill a day of chloroquine are at the 
upper limit of their dosage. Corneal examination of patients 
who weigh less and receive similar dosages may demonstrate 
excessive corneal deposition, suggesting overdosage and pos- 
sible macular toxicity.” 

The rheumatologist should be informed when patients pre- 
sent with bilaterally reproducible relative Amsler field de- 
fects that have been confirmed with automated perimetry, 
preferably the Humphrey 10-2 program with a white test 
object. For some patients, antimalarial agents are the only 
drugs that are effective. It is up to the rheumatologist and not 
the ophthalmologist to discontinue the medication and, there- 
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fore, the rheumatologist must be appropriately informed of 
any problems. Fundus changes and fluorescein angiographic 
evidence of pigment epithelial dropout appear subsequent to 
visual field defects and are usually seen in patients with 
absolute scotoma. * 
MICHAEL EASTERBROOK, MD 
Toronto, Ontario 


1. Easterbrook M. The sensitivity of Amsler grid testing in early chloro- 
quine retinopathy. Trans Ophthalmol Soc U K. 1984:104:204-207. 

2. Easterbrook M. Is corneal deposition of antimalarial any indication of 
retinal toxicity? Can J Ophthalmol. 1990;5:249-251. 

3. Easterbrook M. Ocular effects and safety of antimalarial agents. Am J 
Med. 1988;85(suppl 4A):23-29. Í 


Neodymium-YAG Laser Energy: How Much Is Enough? 


Q | am concerned about the amount of neodymium-YAG 
laser energy required to perform an adequate posterior 
capsulotomy. How much is too much? 
A The intensity and number of YAG energy applications 
depends on the type of capsule opacification. To begin a 
capsulotomy, an energy setting of 1 mJ and single shots are 
advisable. Splits of the capsule can be followed by additional 
applications. For many capsulotomies, fewer than 30 applica- 
tions of 1 mJ each are sufficient. Denser, fibrotic opacifica- 
tions may require higher energy or multiple bursts. Occasion- 
ally, only a small puncturelike penetration can be attained. 
After completing 30 to 50 applications, the anterior chamber 
reaction should be noted and the intraocular pressure mea- 
sured. Another series of laser applications can follow in 1 or 2 
days. Some fibrotic capsules cannot be opened adequately by 
laser energy and require a needle-knife discission or occasion- 
ally a pars plana membranectomy. 
HANSJOERG E. KOLDER, MD 
Iowa City, Iowa 


Questions and Answers 


News and Comment 





Douglas John Coster, MD, Receives 
1991 Lions Club Humanitarian 
Award.—Professor Douglas John Cos- 
ter, MD, has been awarded a $250 000 
grant from Lions Club International to 
support his work in preventive and pub- 
lic health ophthalmology. Dr Coster 
was cited for his work in training oph- 
thalmologists to work in developing 
countries, his accomplishments in cor- 
neal transplantation, and his research 
and teaching programs aimed at pre- 
vention and treatment of blindness in 
Australia and the Asia-Pacific region. 
He established the Lions Eye Bank of 
South Australia and the International 
Community Eye Care Center, also in 
Australia. Dr Coster, senior director of 
ophthalmology at Flinders (Australia) 
Medical Center and Lions Professor of 
Ophthalmology at Flinders University, 
received the Humanitarian Award at 
the conclusion of the Lions 74th Interna- 
tional Convention, held in Brisbane, 
Australia. 





Douglas John Coster, MD 


1992 Ludwig Von Sallmann Prize 
Nominations Sought.— Nominations 
are currently being sought for the 1992 
Ludwig Von Sallmann Prize. The prize 
will be awarded at the 10th Internation- 
al Congress of Eye Research, to be held 
September 21 to 26, 1992, in Stresa, 
Italy. The award of $30 000 is for out- 
standing achievement in ophthalmology 
and vision. To obtain further informa- 
tion and nomination blanks for this 
award, contact Peter Gouras, MD, Von 
Sallmann Prize Committee, Columbia 
University, Box 18, 630 W 169th St, 
New York, NY 10032; (212) 305-5688; 
FAX (212) 305-3173. The deadline for 
receipt of nominations is March 1, 1992. 
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Symposium on Tropical Forest 
Medical Resources and the Conserva- 
tion of Biodiversity to Be Held in New 
York.—The Periwinkle Project of the 
Rainforest Alliance, in conjunction with 
The New York Botanical Garden’s In- 
stitute for Economic Botany, is organiz- 
ing a 2-day symposium at The Rockefel- 
ler University for approximately 400 
health professionals, scientists, and 
conservationists. The symposium, 
scheduled for January 24 and 25, 1992, is 
designed to carefully examine the role of 
medicinal plant research in the conser- 
vation of tropical forests. Drugs such as 
pilocarpine, atropine, and scopolamine 
are derived from rain forest plants. For 
more information, contact The Rainfor- 
est Alliance, 270 Lafayette St, Suite 
512, New York, NY 10012; (212) 941- 
1900; FAX (212) 941-4986. 


Lions Humanitarian Award Nomi- 
nations Sought. — Nominations for the 
1992 Lions Humanitarian Award are 
now being sought by Lions Club Inter- 
national. The award, presented annual- 
ly to an individual demonstrating out- 
standing commitment to community or 
world service, includes a cash prize. In 
1991, $250 000 was presented to Doug- 
las John Coster, MD, to further his re- 
search in blindness prevention, educa- 
tion, and training. The 1992 nominees 
must be individuals active in prevention 
and reversal of blindness. The recipient 
must be able to receive the award per- 
sonally in June 1992, in Hong Kong, 
during the Lions 75th International 
Convention. Affiliation with current 
Lion programs is not required, but 
nominations must be submitted on an 
official nomination form by December 
31, 1991, to Public Relations Division, 
Lions Club International, 300 22nd St, 
Oak Brook, IL 60521-8842. The recipi- 
ent will be chosen in April 1992, by the 
Lions Club International Foundation 
Board of Trustees and the president of 
Lions Club International. For official 
nomination forms, contact Christy 
Teich at (708) 571-5466. 


Karen F. Heffler, MD, Joins Facul- 
ty at Hahnemann University. — Karen 
F. Heffler, MD, has joined the faculty at 
Hahnemann University, Philadelphia, 
Pa, as head of the Cornea and External 
Disease Section of the Department of 
Ophthalmology. Dr Heffler graduated 
from the Medical School of the Universi- 
ty of Pennsylvania and did her residen- 
cy at the University of Pennsylvania 


and the Scheie Eye Institute where, af- 
ter completing her residency, she spent 
a year as the assistant chief of service. 


Carl B. Camras, MD, Appointed 
Professor and Vice Chairman of Oph- 
thalmology at the University of Ne- 
braska.—Carl B. Camras, MD, as- 
sumed the position of professor, vice 
chairman, and director of the glaucoma 
service in the department of ophthal- 
mology at the University of Nebraska 
Medical Center, where he had joined 
chairman Michael E. Yablonski, MD, 
PhD, in September 1991. Dr Camras 
received his medical degree from the 
Columbia College of Physicians and 
Surgeons, New York, NY, in 1979. His 
postgraduate training included an oph- 
thalmology residency at the Jules Stein 
Eye Institute at UCLA, anda glaucoma 
fellowship at the Mount Sinai Medical 
Center, New York, where he had been a 
full-time faculty member since 1984 and 
an associate professor of ophthalmology 
since 1988. 


New Faculty Members Appointed to 
Wilmer Eye Institute.—Donald J. 
Zack, MD, PhD, and Claudia S. Moy, 
PhD, have been appointed full-time as- 
sistant professors in the department of 
ophthalmology at the Wilmer Eye Insti- 
tute at The Johns Hopkins Medical In- 
stitutions, Baltimore, Md. Dr Zack was 
previously an instructor in ophthalmol- 
ogy at the Wilmer Institute and a re- 
search associate in the Department of 
Molecular Biology and Genetics at The 
Johns Hopkins University School of 
Medicine. He received his medical de- 
gree from Einstein College of Medicine, 
Bronx, NY, and did his residency at the 


Claudia S. Moy, PhD 
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Massachusetts Eye and Ear Infirmary, 
Boston. Dr Zack will supervise a new 
laboratory devoted to the molecular bi- 
ology of retinal photoreceptors and gan- 
glion cells. Dr Moy received her doctor- 
ate in epidemiology at the University of 
Pittsburgh (Pa) Graduate School of 
Public Health, and completed a postdoc- 
toral fellowship there. At the Wilmer 
Institute, she will work with the Collab- 
orative Ocular Melanoma Study as pro- 
tocol monitor/epidemiologist. 


Carmen A. Puliafito, MD, Named 
Ophthalmologist-in-Chief At New 
England Medical Center.—Carmen A. 
Puliafito, MD, former director of the 
Morse Laser Center and president of 
the medical staff at the Massachusetts 
Eye and Ear Infirmary, Boston, and 
associate professor of ophthalmology at 
Harvard Medical School, Boston, has 
been appointed ophthalmologist-in- 





A 
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chief at the New England Medical Cen- 
ters New England Eye Center, and 
chairman of the department of ophthal- 
mology at Tufts University School of 
Medicine, also in Boston. In addition, 
Dr Puliafito is editor-in-chief of Lasers 
in Surgery and Medicine. The New En- 
gland Medical Center has also an- 
nounced the appointments of Michael 
B. Raizman, MD, to director of the 
cornea and anterior segment service; 
Joel S. Schuman, MD, to director of 
glaucoma service and director of resi- 
dency training; and Joan W. Miller, 
MD, to director of the vitreoretinal ser- 
vice. All three will become assistant 
professors of ophthalmology at Tufts 
University School of Medicine. In addi- 
tion, Dr Raizman will become director 
of ophthalmic research and Dr Miller 
will serve as assistant chief of ophthal- 
mology for clinical services. Dr Raiz- 
man received his medical degree from 
the University of Michigan Medical 





Joan W. Miller, MD 
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School, and did his residency and was 
chief resident in ophthalmology at the 
Kellogg Eye Center there. He com- 
pleted a fellowship in uveitis and immu- 
nology, followed by a fellowship in cor- 
nea and external disease at the Massa- 
chusetts Eye and Ear Infirmary. Dr 
Schuman, a graduate of Columbia Col- 
lege and Mount Sinai School of Medi- 
cine, New York, NY, completed his res- 
idency at the Medical College of 
Virginia in Richmond. He did his fellow- 
ship in glaucoma at the Massachusetts 
Eye and Ear Infirmary. Dr Miller grad- 
uated from Harvard Medical School and 
served her residency at the Massachu- 
setts Eye and Ear Infirmary, and com- 
pleted a vitreoretinal fellowship there. 


$1.5 Million Initiates Children’s 
Eye Center at The Wilmer Eye Insti- 
tute.—A new center devoted to chil- 
dren’s eye care has been initiated at The 
Johns Hopkins Wilmer Eye Institute in 
Baltimore, Md, with a $1.5 million 
pledge by Baltimore businessman and 
philanthropist Zanvyl Krieger. The 
funds represent the start of a $5 million 
campaign to support a pediatric eye clin- 
ical research and training facility. The 
center will offer a program to meet the 
vision care needs of children and their 
parents at a single site. The gift also 
endows the Zanvyl Krieger Professorial 
Chair in Pediatric Ophthalmology. In- 
stalled in the position at ceremonies at 
The Johns Hopkins University on Sep- 
tember 6, 1991, was David L. Guyton, 
MD, professor of ophthalmology and di- 
rector of the Wilmer Institute’s Pediat- 
ric Ophthalmology and Strabismus Ser- 
vice. Dr Guyton will also assume the 
directorship of the Krieger Center. 


Attending the September 6, 1991, dedication 
ceremonies for the Zanvyl Krieger Professori- 
al Chair in Pediatric Ophthalmology at Johns 
Hopkins in Baltimore, Md, were (left to right): 
William R. Richardson, PhD, President of The 
Johns Hopkins University; David L. Guyton, 
MD; Zanvyl Krieger; Michael E. Johns, MD, 
Dean of The Johns Hopkins University 
School of Medicine; and Morton F. Goldberg, 
MD, Director of the Wilmer Ophthalmological 
Institute at Johns Hopkins. 
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The Structure... 

mimics the unique 
microarchitecture of human 
cancellous bone. Each pore 
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pore. This unique structure is 
what make the BIOMATRIX 
OCULAR IMPLANT™ the most 
stable, truly integrated ocular 
implant ever designed. 
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Editorial 


Planning for Federal Support of Eye Research 


he National Eye Institute (NED) is approaching its 

25th birthday. During these 25 years, the NEI and 
the research it has funded have played a fundamental 
role in the evolution of many aspects of ophthalmology. 
Advances have resulted from basic laboratory re- 
search, clinical research, epidemiologic studies, and 
clinical trials. As the cost of health care comes under 
increasing scrutiny and cost containment and govern- 
mental debt service become major determinants of 
health care services, research and the transfer of its 
results to clinical practice become increasingly impor- 
tant. Our profession must make progress in determin- 
ing and using the most scientifically valid and cost- 
effective preventive and therapeutic treatment 
methods. In the 1990s, research must progress at an 
accelerated, but orderly and cost-effective, pace, while 
taking advantage of breakthroughs in all areas of bio- 
medical science. 

This requires effective planning. Enabling legisla- 
tion in 1968, the NEI foresaw the need for formal 
planning and authorized the Secretary of the US De- 
partment of Health and Human Services “to plan for 
research and training, especially against the main 
causes of blindness and visual functions.” In 1973, the 
National Advisory Eye Council established its first 5- 
year plan, and in April 1975, a two-volume publication 
describing the plan, to take effect between 1975 and 
1979, was published. Since then, three more planning 
processes have been completed and the conclusions 
published. The most recent publication is Vision Re- 
search—A National Plan: 1987 Evaluation and Up- 
date.’ The publication has been used by the National 
Advisory Eye Council as well as established research- 
ers, trainees, new investigators, the NEI staff, and 
elected officials and their staffs. Planning has served all 
of them very well. 

Current planning formally began on August 1, 1989, 
when a large number of interested groups presented 
their views on future needs in research to the National 
Advisory Eye Council and the NEI staff. This long- 
range plan, entitled “Vision Research—A National 
Plan: 1992-1996,” is expected to be completed soon. 

Five panels of scientific experts, representing each of 
the NEI’s major programs, have assembled under the 
auspices of the National Advisory Eye Council’s Vision 
Research Program Planning Subcommittee to define 
the scope and impact of important research areas, up- 
date program goals and objectives, review current re- 
search support and recent scientific advances, and de- 
termine the key research questions to be addressed in 
vision research in fiscal years 1992 to 1996. A special 
panel has also convened to discuss issues related to NEI 
support of clinical and epidemiologic research, and an- 
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other has convened to consider low vision and its 
rehabilitation. 

The council subcommittee itself has served as a panel 
to consider cost-cutting policy issues and has held two 
public meetings to discuss such timely topics as trends 
in the cost of research, length of grant awards, conflict 
of interest and scientific integrity, and animal research. 
The plan will include discussions of these issues in a 
special section. 

The format of the new plan will be streamlined. In 
each section, primary emphasis will be on two topics: 
recent accomplishments and important questions to be 
addressed with future research. The latter will replace 
the “program development priorities” of the previous 
plan. These two topics will serve as the NEI scientific 
program priorities for the next 5 years. 

In addition to publication of the plan itself, there will 
be three “spin-off” publications: an executive summary, 
a brochure for the general public on important recent 
vision research accomplishments and prospects for fu- 
ture research, and a report highlighting the scientific 
opportunities in vision research that relate to the “De- 
cade of the Brain.” National Eye Institute long-range 
planning has served us well in the past, and it is hoped 
the new plan will do the same. The NEI plan will also 
complement the overall National Institutes of Health 
Strategic Plan, which is under development. 

A skeptic might well ask, “Why go to all this trouble 
to plan when funding research is drying up?” In fact, the 
existence of a series of 5-year plans has enabled the 
NEI to invest resources wisely, set priorities, evaluate 
progress, and provide strong evidence of how addition- 
al funds could be spent productively. Regardless of the 
amount of funding Congress and the current adminis- 
tration will actually provide to the NEI and the per- 
ceived adequacy of these funds compared with research 
needs and opportunities, the planning process involv- 
ing the members of the vision research community and 
the valuable input from interested groups and organiza- 
tions provides us with the best opportunity for meeting 
future challenges successfully. Despite the truth of the 
dictum that change is the one constant, planning allows 
us to cope with uncertainty and change in a creative, 
proactive manner and ensures increasing responsive- 
ness to the ophthalmic health needs of the nation. 


JOHN W. CHANDLER, MD 
Chicago, Ill 
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Photorefractive Keratectomy for Astigmatism 


Initial Clinical Results 


Peter J. McDonnell, MD; Hamilton Moreira, MD; Terrance N. Clapham; John D'Arcy; Charles R. Munnerlyn, PhD 


è Excimer laser photorefractive kera- 
tectomy, developed to perform radially 
symmetric ablations to correct myopic or 
hyperopic refractive errors, was used to 
perform toric ablations designed to cor- 
rect cylindrical errors. An expanding slit 
was used to flatten the cornea in the 
steep meridian. Four contact lens-intol- 
erant patients underwent this procedure 
for correction of astigmatism (two pa- 
tients after penetrating keratoplasty, one 
patient after corneal ulcer, and one pa- 
tient with naturally occurring high astig- 
matism). In each patient, surgery re- 
duced the regular component of the 
astigmatism; residual irregular astigma- 
tism limited spectacle-corrected acuity in 
one patient. All patients experienced a 
shift in spherical equivalent toward hy- 
peropia. Toric ablations with the excimer 
laser appear to represent a promising 
strategy for the correction of compound 
myopic astigmatism that does not rely on 
creation of deep corneal incisions, exci- 
sions, or compression sutures. 

(Arch Ophthalmol. 1991;109:1370-1373) 


Astigmatism is a major problem that 

limits visual recovery after sur- 
gery (eg, cataract extraction, pene- 
trating keratoplasty, and refractive 
surgical procedures such as radial ker- 
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atotomy).’ Conventional surgery for 
this problem usually involves incisional 
procedures (relaxing incisions), but the 
results of such procedures tend to be 
relatively unpredictable, with large 
SDs reported in most series." 


See also p 1426. 


Photorefractive keratectomy with 
the 193-nm excimer laser is currently 
under investigation as a means of flat- 
tening the central cornea to eliminate 
myopic refractive errors and excise 
superficial corneal opacities. In these 
procedures, radially symmetric sur- 
gery is performed with greater abla- 
tion depth centrally than peripherally 
(to correct myopia) or uniform ablation 
depth from center to periphery (to 
excise superficial opacities)."" We 
have reported experimental verifica- 
tion, in plastic spheres and animal 
eyes, of a technique for toric ablation 
of the superficial cornea." We describe 
herein the results achieved with this 
technique for correction of astigma- 
tism in four human eyes. 


PATIENTS AND METHODS 


The laser used was a 193-nm argon-fluo- 
ride excimer laser (Twenty-Twenty, VISX 
Inc, Sunnyvale, Calif). To correct myopia, 
this laser uses a computer-controlled iris 
diaphragm to vary the diameter of the laser 
beam so as to ablate more tissue centrally 
than peripherally, thereby flattening the 
cornea. The laser software and hardware 
were modified for the correction of astigma- 
tism. The same large-diameter (5.3 mm) 
excimer beam is passed between a set of 
parallel blades. The separation between the 
blades is under computer control (with the 
slit widening during the procedure), and the 
resultant variable slit is used to control the 
laser delivery much as the iris diaphragm 


San Pablo, Los Angeles, CA 90033 (Dr 
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was used for ablations to correct myopia. 
As with the myopia correction, 240 steps 
are used. In the case of the slit, however, 
the cornea should be flattened only in the 
meridian perpendicular to the long axis of 
the slit (termed the mechanical axis), no 
refractive change is intended along the me- 
chanical axis (long axis of the slit). For 
example, if the mechanical axis is horizontal 
(180°), a flattening of the cornea is induced 
in the vertical (90°) meridian. The slit mech- 
anism can be rotated, also under computer 
control, such that the mechanical axis is 
aligned with the astigmatic axis of the 
patient (with the refractive error expressed 
in minus cylinder form), Ablations were 
performed using a fluence of 160 mJ/em* 
and a repetition rate of 5 Hz. 

To calibrate the laser, we performed toric 
ablations in — polymethylmethacrylate 
blocks, a routine procedure used to verify 
refractive effect before photorefractive ker- 
atectomy for myopia.””” The amount of in- 
duced cylinder was then measured using a 
lensometer (AO 012603 Lensometer, Amer- 
ican Optical Corp, Buffalo, NY). 

Subjects were informed of the nature, 
risks, and alternatives to excimer laser 
surgery. All four patients could not tolerate 
contact lenses or the high cylindrical correc- 
tion in their spectacles. They were informed 
of the investigational nature of excimer 
laser corneal surgery, and that their sur- 
gery was being carried out under an inves- 
tigational protocol approved by the federal 
Food and Drug Administration and the 
Investigational Review Board of the Uni- 
versity of Southern California. Measure- 
ment of refraction, keratometry (Marco, 
Jacksonville, Fla), and computer-assisted 
topographic analysis (Corneal Modeling 
System, New York, NY) were performed 
before surgery by the examiner using the 
same equipment. 

The patients were then placed under the 
excimer laser, topical proparacaine hydro- 
chloride was instilled, and a circular pro- 
tractor was placed on the globe at the 
limbus and oriented using a limbal land- 
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Visual Acuity 


e Spherical 


Patient Etiologic 
No. Factor 


1t Graft 


Corrected 
Preoperative 20/50 
Postoperative 20/25 
Preoperative 20/25 
Postoperative 20/25 
Preoperative 20/30 
Postoperative 20/20 
Preoperative 20/80 
Postoperative 20/ 100 


Unilateral 





*D indicates diopter. 


Equivalent, 


Uncorrected D 


20/400 2:50 
20/200 3.25 
20/200 —5.63 
20/30 —0.25 
20/80 —4.00 
20/40 1:12 
20/200 =3.75 
20/100 0.12 


Refractive ————————————————— Keratometric Cylindrical 


Cylinder, 
D 


12.00 
6.00 
6.75 
0.50 
5.5 
1.25 
6.00 

1.25 


Keratectomy 


Flat 


Meridian Meridian D 


38.62 
36.00 
43.62 
40.62 
40.37 
36.37 
45.75 
44.12 


Follow-up 


Steep Cylinder, Axis, Interval, 


Degrees wk 


56.00 
48.75 
47.62 
41.87 
45.87 
39.37 
51.25 5.50 
44.37 0.25 


17.38 
12.75 





tin this patient, a correction of 6 D was attempted. In all other patients, a full correction was attempted. 


mark observed at the slit lamp before sur- 
gery. A few pulses of laser energy were 
then applied with the slit maximally nar- 
rowed to confirm proper orientation of the 
slit relative to the corneal cylinder and to 
acquaint the patient with sensations associ- 
ated with laser ablation. The corneal epithe- 
lium was then removed with a blunt 
spatula. 

The eye was then fixated using a vacuum 
fixation ring, and the area for treatment 
centered over the entrance pupil, while the 
patient was fixing on a flashing centration 
light. The center of the entrance pupil was 
not marked with any instrument. The com- 
puter was programmed to perform cylindri- 
cal ablations equal to the cylindrical error in 
three of the patients. In one patient with 
postkeratoplasty astigmatism measuring 12 
diopters (D), we attempted to remove the 
astigmatism by 6 D. The desired refractive 
change was programmed into the computer 
in minus cylinder form (eg, plano -6.00 
x 180), designed to induce 6 D of flattening 
in the vertical meridian. The blades are 
oriented by the computer to be parallel to 
the axis of refractive cylinder expressed in 
minus cylinder form, thereby flattening the 
cornea in the appropriate (steeper) 
meridian. 

Patients were treated after surgery with 
a combination tobramycin sulfate-dexa- 
methasone sodium phosphate ointment and 
semi-pressure patching, and were exam- 
ined daily or every other day until reepithe- 
lialization was complete. They were then 
treated with topical 1% prednisolone ace- 
tate (the two patients with postkerato- 
plasty astigmatism) or 0.1% fluorometho- 
lone (the other two patients) four times 
daily for 2 weeks, three times daily for 4 
weeks, and then twice daily for 4 more 
weeks. Two weeks and 1, 3, 4, and 6 months 
after surgery, refraction measurement, 
keratometry, and computer-assisted topo- 
graphic analysis were performed by the 
same observer masked to the desired re- 
fractive change. Data are reported as 
means + SDs. 


RESULTS 
Patient Characteristics 


Four patients underwent superficial 
toric ablation with the excimer laser 
for high astigmatism (Table). Two pa- 


Arch Ophthalmol— Vol 109, October 1991 


tients (patients 1 and 4) were referred 
to us because of high astigmatism after 
penetrating keratoplasty; all sutures 
had been removed, keratometry and 
refraction were stable, the patients 
were contact lens intolerant because of 
excessive movement and dislocation of 
the lenses, and the high cylindrical 
correction in the spectacles was not 
tolerated. Patient 2, who previously 
had had simple myopia, developed high 
corneal astigmatism and a superficial 
corneal scar as a result of a Pseudomo- 
nas corneal ulcer that developed in the 
setting of soft contact lens wear. He 
was left with a superficial scar, and 
was unable to tolerate a rigid contact 
lens and the unilateral high astigmatic 
correction of his spectacles. Patient 3 
had unilateral high compound myopic 
astigmatism, was unable to tolerate a 
rigid contact lens because of discom- 
fort, did not obtain good acuity with a 
toric soft contact lens, and could not 
tolerate the correction in her 
spectacles. 


Refractive Changes 


Surgery was performed based on the 
measured refractive cylinder. Patient 
1, with refractive cylinder measuring 
12 D, underwent surgery to correct 
6 D of cylinder; the remaining three 
patients underwent surgery to correct 
the total refractive cylinder. The 
achieved correction ranged from 63% 
to 100% of that intended, with a mean 
(+SD) for the four eyes of 88% +17% 
(Fig 1). We did not observe a substan- 
tial regression in these patients during 
the follow-up period. All patients ex- 
cept patient 1 could tolerate the full 
amount of cylinder within their specta- 
cles after surgery. Patient 1 was fitted 
with spectacles that contained a re- 
duced cylindrical correction of 4 D 
(compared with a full-measured cylin- 
drical error of 6 D); she wears these 
lenses comfortably, with acuity of 
20/25. 
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Fig 1.—Plot of refractive cylindrical error be- 
fore and after toric excimer laser ablation. 
Squares represent patient 1; closed circles, 
patient 2; triangles, patient 3; and open cirles, 
patient 4. Patient 1 had 6 diopters (D) of at- 
tempted correction of refractive cylinder that 
measured 12 D; all other patients had at- 
tempted correction of all cylinder. 


All patients experienced a shift of 
the spherical equivalent toward hyper- 
opia. This shift averaged 5.6 +2.5 D at 
1 month and 4.6+1.6 D at last follow- 
up. The predicted change in spherical 
equivalent, one half of the amount of 
corrected cylinder, was 3.0+0.3 D. 
The shift in spherical equivalent to- 
ward hyperopia is related to postoper- 
ative flattening of the meridia that 
were steep as well as those that were 
flat before surgery (Table). The ratio 
of the amount of flattening in the pre- 
operatively steep meridian to the flat- 
tening in the preoperatively flat merid- 
ian was 2.6+0.6 (mean+SE). The 
difference in the axes of refractive 
cylinder before surgery and at last 
follow-up revealed a shift in axis rang- 
ing from 0° to 11°, with a mean shift of 
7°+5°. No patients experienced over- 
correction, with a shift in cylinder axis 
of about 90°. 


Complications 


The two patients who had surgery 
for postkeratoplasty astigmatism ex- 
perienced minimal discomfort, in con- 
trast with the other two patients who 
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Fig 2.—Color-coded keratograph of patient 1 before (left) and 1 week 
after (right) toric ablation to correct refractive cylinder of 12 diopters by 
6 diopters. Both flat and steep meridians have been flattened. 
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Diopters 


cylinder by 6.75 diopters. 


complained of fairly severe pain for the 
first 24 to 48 hours that was not fully 
relieved by oral analgesic therapy. Pa- 
tient 1 developed a herpetic dendrite in 
the epithelium of the graft 4 weeks 
after the laser procedure. This patient 
had been grafted 4 years previously for 
central corneal scarring resulting from 
herpes keratitis. Two years after kera- 
toplasty, an epithelial recurrence de- 


veloped and resolved within a week of 


therapy with topical trifluridine. Ini- 
tially after excimer laser surgery, the 
corneal epithelium healed uneventfully 
in this paient. She then presented 4 
weeks after surgery with a 4-day histo- 
ry of redness and decreased vision 
while using topical 1% prednisolone 
acetate four times daily. The predniso- 
lone treatment was reduced to twice 
daily, and the patient began receiving 
topical trifluridine treatment nine 
times daily. Within 7 days, the epithe- 
lium was completely healed. Patient 4 
required 11 days for complete healing 
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Fig 3.— Color-coded keratograph of patient 2, with scar and moderate- 
ly irregular astigmatism caused by Pseudomonas corneal ulcer before 
(left) and 12 weeks after (right) toric ablation to correct refractive 


o exit to system 





of the epithelial defect over his graft, 
compared with 3, 4, and 5 days for the 
other three patients. 
Visual Outcome 

The goal of surgery in this study was 
not improvement of uncorrected acuity 
so as to permit the patients to see 
without glasses or contact lenses, but 
rather to reduce the cylinder suffi- 
ciently to allow the patients to tolerate 
spectacle correction. All patients re- 
ported subjective improvement in un- 
aided acuity, however, and this im- 
proved by an average of about three 
lines on the Snellen chart. Best-cor- 
rected acuity with spectacles improved 
by two lines in one patient, and was 
unchanged or within one line of preop- 
erative acuity in the remaining three 
patients. 

Topographic Findings 

All but one of the patients in this 
trial had irregular astigmatism in addi- 
tion to the regular astigmatism (Figs 2 
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Fig 4.—Color-coded keratograph of patient 3, with unilateral naturally 
occurring regular astigmatism before (left) and after (right) toric abla- 
tion to correct refractive cylinder by 5.5 diopters. 


REE 
(1272179 





Fig 5.— Color-coded keratograph of patient 4, with moderately irregu- 
lar postkeratoplasty astigmatism before (left) and after (right) toric 
ablation to correct refractive cylinder by 6 diopters. 


through 5). This was particularly evi- 
dent in the two patients with postkera- 
toplasty astigmatism (patients 1 and 
4). In all patients, however, computer- 
assisted topographic analysis revealed 
two relatively steep hemimeridians 
(red or brown) located about 180° 
apart, and two relatively flat hemime- 
ridians (green or blue). Surgery pro- 
duced flattening in both the steep and 
flat meridians, but produced greater 
flattening in the steep meridian, as 
desired, resulting in a reduction of 
astigmatism and an overall flattening 
of the central cornea. Patient 4 showed 
substantial residual irregular astigma- 
tism after surgery. This patient’s visu- 
al potential was limited to the 20/80 
range, however, as a consequence of 
prior posttraumatic endophthalmitis. 


COMMENT 
Many surgical procedures, including 
relaxing incisions (radial, transverse, 
and arcuate), trapezoidal astigmatic 
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keratotomy (Ruiz procedure), and 
wedge resection, have been described 
for the correction of naturally occur- 
ring and postoperative astigma- 
tism.”"***” The number and variety of 
techniques reflect the inability of any 
particular approach to predictably 
eliminate corneal cylinder in all pa- 
tients. Presumably, a substantial part 
of the variability associated with inci- 
sional procedures relates to interindi- 
vidual variability in corneal wound 
healing and to variables that we cannot 
measure, such as differences in stress, 
to which a certain region of the cornea 
is subjected. An analogy might be 
drawn between radial keratotomy for 
myopia and keratotomies for astigma- 
tism, but unlike the large body of data 
generated on radial keratotomy in the 
Prospective Evaluation of Radial Ker- 
atotomy Study,” information about as- 
tigmatic procedures is derived usually 
from small series reported by individ- 
ual surgeons using different tech- 
niques. 

All patients in this series were con- 
tact lens intolerant and could not wear 
their spectacles because of the tremen- 
dous distortion associated with the 
very high cylinder errors. Three pa- 
tients (two after keratoplasty and one 
with a superficial scar and astigmatism 
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after a Pseudomonas corneal ulcer) 
were candidates for penetrating kera- 
toplasty. We therefore were comfort- 
able with offering these patients this 
investigational procedure, and con- 
clude that all the patients benefited 
from it because they all noted a subjec- 
tive improvement in unaided acuity 
and could tolerate spectacles after sur- 
gery. As with photorefractive keratec- 
tomy for myopia, this procedure ap- 
pears to be quite safe; the only 
complications that we noted were a 
reactivation of herpes simplex epitheli- 
al keratitis in one patient and a mild 
superficial stromal haze in all patients. 
We believe the reactivation of herpes 
simplex epithelial disease was proba- 
bly related to the laser procedure. 
Alternative explanations for the reac- 
tivation could be that it was related to 
the use of topical prednisolone acetate 
without an antiviral cover” or that the 
timing was coincidental. 

Of course, not all astigmatism is 
regular. Irregular astigmatism is fre- 
quently encountered after penetrating 
keratoplasty,” after refractive surgical 
procedures such as epikeratophakia,” 
with intersecting corneal incisions,” 
and sometimes in normal (ie, unoperat- 
ed) corneas.” The protocol we followed 
is designed to correct regular astigma- 
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tism with symmetric steepening in the 
two steep hemimeridians. Thus, pa- 
tients with substantial irregular astig- 
matism will have limitation of uncor- 
rected or spectacle-corrected acuity 
after reduction of the regular astigma- 
tism with the approach described in 
this report. 

In our small series, we noted a cor- 
neal flattening (shift of spherical equiv- 
alent toward hyperopia) in excess of 
that predicted merely on the basis of 
flattening of the steep meridian. This 
indicates, and computer-assisted topo- 
graphic analysis demonstrates, that 
the flat meridian, in which a “straight 
down” ablation is performed, is flat- 
tened as well. We therefore conclude 
that this procedure should be most 
useful for treating compound myopic 
astigmatism, and that the surgeon 
should consider performing the toric 
ablation first to reduce or eliminate the 
cylindrical error, and subsequently 
perform a second ablation to correct 
any residual myopia. 
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Trapezoidal Keratotomy for the Correction of Naturally 
Occurring Astigmatism 
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e We performed trapezoidal keratot- 
omy, consisting of combined noninter- 
secting semiradial and transverse inci- 
sions, in 64 eyes of 45 consecutive pa- 
tients with naturally occurring 
astigmatism. The central clear zone di- 
ameter and number and length of trans- 
verse incisions were determined by the 
refractive error. Mean preoperative re- 
fractive astigmatism was 3.18+1.16 di- 
opters (D) (range, 2.25 to 7.00 D). At the 
1-year follow-up examination, the mean 
surgically corrected astigmatism deter- 
mined by vector analysis was 3.70 + 1.50 
D (range, 0.75 to 8.5 D), and the mean 
residual refractive astigmatism was 
0.85 + 0.72 D (range, 0 to 4.0 D), with 64% 
of eyes having 1.00 D or less. The smaller 
the clear zone diameter, the greater the 
astigmatic correction. Longer transverse 
incisions produced more steepening of 
the secondary meridian. The operative 
complications included microperforation 
(5%), misalignment of surgical meridian 
(6%), encroachment on clear zone (5%), 
and inadvertent crossed incisions (11%). 
Trapezoidal keratotomy reduced natural- 
ly occurring astigmatism, but with only 
fair predictability and with some irregular 
astigmatism due to irregular wound 
healing. 

(Arch Ophthalmol. 
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Thre precepts of the surgical correc- 

tion of astigmatism were delineated 
almost 100 years ago, and numerous 
techniques™ have been enthusiastically 
espoused, only to be abandoned be- 
cause of their poor reliability, unpre- 
dictability, and associated operative 
and postoperative hazards. 


See also p 1351. 


Cases of penetrating keratoplasty 


with high postoperative astigmatism 
stimulated surgeons to advocate new 
surgical techniques. Wedge resection’ 
and arcuate transverse keratotomy 
(relaxing incisions)’ proved useful, al- 
though not perfect. The surgical treat- 
ment of patients with high naturally 
occurring astigmatism that is not ame- 
nable to correction by spectacles’ or 
contact lenses’ has been developing 
more slowly. 

The modern development of radial 
keratotomy demonstrated that the 
central corneal curvature can be effec- 
tively modified by incisions made in 
the paracentral or peripheral cornea. 
Although early descriptions of astig- 
matic keratotomy’* have been either 
replaced or modified, they rejuvenated 
interest in the subject and stimulated 
intensive research in the area of astig- 
matic correction by various kera- 
totomy patterns.” 

Ruiz introduced trapezoidal kera- 
totomy as a combination of transverse 
and semiradial incisions to correct both 
naturally occurring and postoperative 
astigmatism.” The original descrip- 
tion consisted of five pairs of trans- 
verse incisions 2.0 to 2.5 mm in length, 
flanked by four semiradial incisions. 
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The first pair of transverse incisions 
joined the semiradial incisions at the 
margin of the clear zone. 

Due to the complications associated 
with crossed incisions, the technique 
was further modified by others” to 
include only four pairs of transverse 
incisions, avoiding any intersection or 
crossing with the semiradials. A more 
recent modification by Ruiz” was to 
change the shape of the semiradial 
(“corridor”) incisions to produce other 
patterns, such as inverted trapezoid, 
rectangular keratotomy, and diamond 
and fusiform keratotomy. Unfortu- 
nately, no clinical data have been pub- 
lished by him on these techniques and 
no published information is yet avail- 
able about the effectiveness of his 
original technique or its various mod- 
ifications. 

Few experimental studies have eval- 
uated trapezoidal keratotomy in ca- 
nine” or human cadaver eyes.” Apart 
from the series reported by Villasenor 
and Stimac,” who studied 28 eyes with 
naturally occurring astigmatism, other 
clinical studies of trapezoidal kera- 
totomy™™ were performed mainly for 
postkeratoplasty astigmatism and in- 
cluded only two or three eyes with 
naturally occurring astigmatism. 

This prospective study was designed 
to evaluate the clinical use of trape- 
zoidal keratotomy for the surgical cor- 
rection of naturally occurring astigma- 
tism in 64 consecutive eyes; to our 
knowledge, this is the largest group 
yet reported. 


SUBJECTS AND METHODS 


A pilot study was performed on 14 ambly- 
opie eyes to refine the surgical technique. 
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We report herein the results in the subse- 
quent 64 consecutive eyes of 45 patients 
operated on at Alexandria (Egypt) Univer- 
sity between September 1986 and July 
1987, with at least 1 year of follow-up. 

Entry criteria included eyes with natural- 
ly occurring astigmatism of more than 
2.0 diopters (D), no history of ocular trauma 
or surgery, and no active or recurrent 
anterior segment disease. The procedure 
was explained to all patients and informed 
consent was obtained. 

Preoperative evaluation included mani- 
fest refraction, central keratometry using a 
keratometer (with an assumed corneal re- 
fractive index of 1.3375, Bausch and Lomb, 
Rochester, NY), uncorrected and best cor- 
rected visual acuity applanation tonometry, 
measurement of corneal diameter, and slit- 
lamp microscopy. Visual acuity was mea- 
sured using a wall-mounted Snellen chart; 
the same chart was used for preoperative 
and postoperative examinations. The astig- 
matic axis was determined with meticulous 
streak retinoscopy and then verified subjec- 
tively with a cross cylinder and an astig- 
matic dial. The location of the steep merid- 
ian on the cornea was identified during slit- 
lamp microscopy using anatomic landmarks 
such as a limbal blood vessel or an iris 
freckle. 

Surgery was performed by three faculty 
members who are trained refractive sur- 
geons. All examinations and measurements 
were done by one of us (0.1.). 


Planning Operative Variables 


The technique consisted of two to four 
pairs” of transverse incisions centered 
along the steep meridian and flanked by 
four semiradial incisions without intentional 
joining of incisions. The procedure had two 
variables as shown in Table 1: (1) clear zone 
diameter, which varied according to the 
astigmatic error, and (2) length of trans- 
verse incisions, which was determined ac- 
cording to the associated spherical error. 
Four pairs of transverse incisions were 
used in 50 eyes, three pairs in eight eyes, 
and two pairs in six eyes. 


Operative Technique 


A sketch of the operative plan was taken 
to the operating room to ensure correct 
placement of the incisions. All patients 
were anesthetized with topical benoxinate 
hydrochloride (0.4%), except one whose 
young age necessitated general anesthesia. 
The visual center was marked below the 
left lower end of the reflection of light of the 
operating microscope as viewed by the sur- 
geon using his right eye. After marking the 
clear zone diameter, the axis of the steep 
meridian was marked using the Mendez 
astigmatism dial and the Bores axis marker 
(Katena, Denville, NJ). 

The corneal thickness was measured us- 
ing an ultrasonic pachometer (Humphrey 
Instruments Inc, San Leandro, Calif) with a 
sound speed of 1640 m/s in the cornea. 
Paracentral measurements were taken at 
the margin of the clear zone mark along the 
steep meridian. 

Epithelial marks for the trapezoid were 
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Variable 
Clear zone diameter, mm 





Length of transverse incisions, mm 


made using Ruiz-Nordan trapezoidal mark- 
ers (Katena) centered along the epithelial 
mark for the steep meridian. The width was 
either 2.5 or 5.0 mm. In myopic eyes, since 
we did not have a 1.5-mm trapezoidal mark- 
er, transverse incisions were marked using 
calipers adjusted to 1.5 mm. The globe was 
fixed using Kremer 13-mm, two-point fixa- 
tion forceps (Katena), and incisions were 
made using a micrometer knife with a dou- 
ble-edged diamond blade (Micra) in 39 eyes, 
or a double-edged sapphire blade (Katena) 
in 25 eyes. Blade lengths were adjusted to 
100% of the thinnest paracentral corneal 
thickness along the steep meridian, verified 
by a coin gauge, and kept constant through- 
out the procedure. Transverse incisions 
were made first, using the vertical edge of 
the blade, starting with the pair at the clear 
zone margin and following the order shown 
in Fig 1. Semiradial incisions were made 
last, using the angled edge of the blade and 
cutting centrifugally from clear zone margin 
to periphery, taking care not to join or cross 
any transverse incisions. 

At the end of the procedure, the incisions 
were irrigated gently with a balanced salt 
solution. Topical antibiotics and corticoste- 
roids were instilled, and the eye was 
patched for 4 to 6 hours. 


Examinations 


All patients were examined on the first 
postoperative day, at 1 and 2 weeks, and at 
1, 3, 6, and 12 months. At each visit, all 
patients underwent slit-lamp microscopy, 
manifest refraction, central keratometry, 
and both uncorrected and best spectacle- 
corrected visual acuity measurements. The 
depth of incisions was estimated as a per- 
centage of corneal thickness by visual in- 
spection during slit-lamp microscopy. 

The surgically corrected astigmatism, 
which represented the amount of astigma- 
tism corrected by trapezoidal keratotomy, 
was calculated as the difference between 
the preoperative refractive cylinder and the 
postoperative residual refractive astigma- 
tism with a vector analysis using the law of 
sines and cosines.” We used the term over- 
correction to describe a condition in which 
the effect of trapezoidal keratotomy ex- 
ceeded the planned correction so that the 
preoperative steep meridian became the 
flat meridian after surgery and the axis of 
the residual astigmatism was shifted 90° 
from the preoperative axis. The opposite 
condition, in which the axis of the residual 
postoperative astigmatism remained within 
30° on either side of the preoperative axis, 
was termed undercorrection. 


Table 1.—Operative Variables Used in 64 Eyes With Trapezoidal Keratotomy 
Preoperative Refractive Astigmatism, D 


2.0-2.75 


Spherical Component of Minus Cylinder 


Myopic 













3.0-3.75 4.0-4.75 25.0 





Refraction, D 











Plano to +2.0 >+2.0 





Fig 1.— Sequence of making trapezoidal ker- 
atotomy incisions. Transverse incisions were 
made first, starting with the pair at the clear 
zone margin and then moving stepwise to- 
ward the periphery. Semiradial incisions were 
made last and were directed from the clear 
zone margin toward the limbus. 


Statistical Analysis 


Results were analyzed using the Student 
t test and one-way analysis of variance 
(ANOVA), followed by the Duncan multi- 
ple-comparisons procedure. 


RESULTS 


The study included 64 eyes of 45 
patients; 19 patients underwent bilat- 
eral surgery. Sixty-nine percent of 
these patients were men; ages ranged 
from 12 to 43 years (mean+SD, 
27.5 +6.3 years). 

The preoperative refractive astig- 
matism ranged from 2.25 to 7.0 D 
(mean +SD, 3.8+1.16 D), and 62.5% 
of eyes were between 3 and 5 D. The 
mean keratometric cylinder was 
3.6+1.24 D, which was slightly less 
but not statistically significantly differ- 
ent from the preoperative refractive 
cylinder (t=0.989; P>.05). Through- 
out the study, postoperative kerato- 
metric readings were parallel to re- 
fractive measurements, with no 
statistically significant difference be- 
tween them (P>.05). Since we relied 
on refraction for planning surgery, we 
report here the refractive readings 
only. 
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Early Postoperative Measurements 


One week after surgery, the residual 
postoperative refractive astigmatism 
ranged from 2.0 D of undercorrection 
to 7.0 D of overcorrection with a mean 
of 1.38+ 1.27 D of overcorrection. The 
surgically corrected astigmatism 





Eyes Under- 
corrected 
by >0.5 D 


Time After 
Surgery 








Table 2.—Mean Residual Refractive Astigmatism During the First Year Following 
Trapezoidal Keratotomy in 64 Eyes 


Astigmatism, D 
TEE EEE 
Eyes 
Corrected 
Within 0.5 D 


ranged between 2.0 and 11.5 D (mean, 
6:124 D). 

A loss of this initial effect of surgery 
was statistically significant during the 
first 3 months (P<.01), after which no 
further regression of the mean effect 
occurred up to 1 year (Fig 2). Eyes 
that were initially overcorrected by 





Eyes Over- 
corrected 
by >0.5 D 










All Eyes 








Table 3.—Distribution of Eyes According to Residual Refractive Astigmatism During the 
First Year Following Trapezoidal Keratotomy in 64 Eyes 


No. (%) of Eyes 
Undercorrected 
by >0.5 D 


Time After 
Surgery 


14 (21.87) 
15 (23.44) 
17 (26.56) 
18 (28.12) 
18 (28.12) 
18 (28.12) 


Fig 2.—Course of mean surgically corrected astigmatism, by vector 
analysis, during the first postoperative year as measured with both 
retinoscopy (circles) and keratometry (squares). Loss of the initial 
effect occurred during the first month, then a more gradual, but statisti- 
cally significant, decrease occurred until the third month, after which 
no further mean regression of effect was observed up to 1 year. 
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No. (%) 
of Eyes 
Within 0.5 D 
of Astigmatism 


No. (%) 
of Eyes 
Overcorrected 
by >0.5 D 


30 (46.88) 
32 (50.00) 
30 (46.88) 


20 (31.25) 
17 (26.56) 
17 (28.56) 











16 (25.00) 
15 (23.44) 
15 (23.44) 


30 (46.88) 
31 (48.44) 
31 (48.44) 





more than 0.5 D lost a significant 
amount of this overcorrection with 
time (mean, 1.0 D), while eyes that 
were initially undercorrected by more 
than 0.5 D had an increase in their 
undercorrection (mean, 0.4 D). On the 
other hand, eyes that were initially 
corrected within 0.5 D maintained this 
correction throughout the follow-up 
period (Table 2, Fig 3). No eye in the 
study showed any progressive or con- 
tinued effect of the procedure of more 
than 0.5 D during the first year of 
follow-up (Table 3). 


Measurements at 1 Year 


At 1-year follow-up, the surgically 
corrected astigmatism ranged from 
0.75 to 8.5 D (mean, 3.7+1.5 D), with 
73.5% of eyes corrected between 2 and 
5.0 D (Table 4). 

The residual postoperative astigma- 
tism ranged between 2.25 D of under- 
correction and 4.0 D of overcorrection 
(mean, 0.85+0.72 D by refraction and 
0.76+0.63 D by keratometry), with 
64% of eyes having 1.0 D or less. 
Although all eyes showed a reduction 
in the amount of preoperative astigma- 
tism by more than 0.75 D, 15 eyes 
(23.4%) were overcorrected (axis 
change orthogonal to preoperative 
axis) by more than 0.5 D, 18 eyes _ 
(28.1%) were undercorrected by more 
than 0.5 D, and the remaining 31 eyes 
(48.4%) were within 0.5 D of the de- 
sired correction (Table 5, Fig 4). 

A change in astigmatic axis less than 


Fig 3.— Change in mean postoperative residual refractive astigmatism 
during the first postoperative year. Eyes that were overcorrected by 


Postoperative Astigmatism, D 
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more than 0.5 D (triangles) showed a statistically significant decrease 
in their astigmatism, while eyes that were initially undercorrected by 
more than 0.5 D (inverted triangles) showed a statistically significant 
increase in their astigmatism. On the other hand, eyes that were 
corrected to within 0.5 D of the desired correction (circles) were stable 
throughout the follow-up period. 
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Table 4.— Surgically Corrected Astigmatism 1 Year After Trapezoidal Keratotomy 





Vector-Corrected Change 


in Astigmatism, D Cumulative % 


No. (%) of Eyes 
1 (1.6) 






































3 (4.7) 

16 (25.0) 31.3 

18 (28.1) 59.4 

13 (20.3) 79.7 
5-5.87 7 (10.9) 90.6 
6-6.87 3 (4.7) 

2 (3.1) 





1 (1.6) 
64 (100) 








-Table 5.—Comparison Between Preoperative and Postoperative Refractive Astigmatism 
1 Year After Trapezoidal Keratotomy 


Before Surgery 
—__-_--__——— 7. 
No. (%) Cumulative 
of Eyes 


1 Year After Surgery 
— 
No. (%) Cumulative 
of Eyes 


31 (48.4) 
10 (15.6) 
11 (17.2) 
+4. 7 (11.0) 
11 (17.2) 3 (4.7) 
23 (35.9) 2 (3.1) 


4.01-5.0 17 (26.5) 79.6 


5.01-6.0 8 (12.5) 92.1 
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Fig 4.—Distribution of eyes according to their postoperative residual refractive astigmatism at 
1 year. The middle column represents eyes that were corrected to within 0.5 D of the desired 
correction. Bars to the left represent eyes undercorrected by more than 0.5 D; those to the right 
represent eyes overcorrected by more than 0.5 D. At 1 year, 64% of all eyes had 1 D or less and 
92.8% had 2 D or less of refractive astigmatism. 


Arch Ophthalmol—Vol 109, October 1991 











Table 6.—Change in Refractive 
Astigmatic Axis Following Trapezoidal | 
Keo i 





Change From 















Preoperative No. (%) 
Axis, Degrees of Eyes 
0-10 39 (60.93) 


4 (6.25) 
6 (9.38) 


11-20 





; 2 (3.13) 
81-90* 


8 (12.50) 
91-100* 4 (6.25) 
1 (1.56) 


64 (100) 


*These 15 eyes (23.4%) were termed ‘‘overcor- 
rected." 


10° from the preoperative axis oc- 
curred in 39 eyes (60.9%). In 15 eyes 
(23.4%) the axis had changed about 90° 
due to overcorrection, while in 10 eyes 
(15.6%) there was an axis change be- 
tween 10° and 30° from the preoper- 
ative axis (Table 6). In no case had the 
axis been changed more than 30° from 
either the preoperative or its orthogo- 
nal axis. 

All eyes had flattening of the prima- 
ry steep incised meridian with a mean 
of 3.3+1.3 D (range, 0.5 to 7.5 D). 
Changes in the secondary flat meridian 
varied from 1.5 D of flattening to 2.0 D 
of steepening with a mean of 
0.36 +0.76 D of steepening. The mean 
ratio of steepening of the secondary 
meridian to flattening of the primary 
meridian was 1 to 5.6 +3.8 (range, 1 to 
22 to 1 to 0.5). 

Almost all eyes (62 [96.9%] of 64) 
showed a change in their spherical 
equivalent refraction in the hyperopic 
direction with a mean of +1.56 +0.9 D 
(range, +0.13 to +4.25 D) with 14 
eyes (21.9%) having less than 1.0 D of 
change and 44 (68.8%) less than 2.0 D. 
One eye showed no change in spherical 
equivalent and another eye showed a 
minimal change in the myopic direction 
(—0.25 D). 

Changes in the associated spherical 
component of refraction paralleled 
changes in the secondary meridian. 
Forty-six eyes (71.9%) had induced 
myopia with a mean of —0.83+0.3 D 
(range, —0.25 to —2.0 D); 14 eyes 
(21.9%) had induced hyperopia with a 
mean of 0.7+0.5 D (range, 0.25 to 
1.75 D); and only four eyes (6.3%) had 
no change in their spherical 
component. 

The predictability of the technique 
and its relative accuracy was calcu- 
lated as the ratio between the achieved 
vector-calculated correction (surgically 
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Fig 5.—Scatterplot shows the relationship between the preoperative refractive astigmatism and 
the surgically corrected astigmatism, by vector analysis, for all 64 eyes with trapezoidal 
keratotomy. Distance between any dot and the solid line represents the residual postoperative 
refractive astigmatism. Eyes between the dotted lines represent eyes corrected to within 0.5 D 
(circles); those above are eyes overcorrected by more than 0.5 D (triangles); those below are 
eyes undercorrected by more than 0.5 D (inverted triangles). 


Table 7.—Change in Refractive Astigmatism With Different Clear Zone Diameters in 
Trapezoidal Keratotomy in 64 Eyes* 


Variable 
No. of eyes 


Mean surgically corrected 
astigmatism, D 


Mean flattening of primary 
meridian, D 


Mean steepening of secondary 
meridian, D 


Steepening-flattening ratio 





Diameter of Clear Zone, mm 


3.5 4.0 
15 21 


0.2 + 0.8 0.4 + 0.6 0.5 + 0.4 


* Smaller clear zones generally had more transverse incisions. 


corrected astigmatism) and the desired 
correction (preoperative astigmatism) 
expressed as a percentage (Fig 5). This 
change ranged between 30% and 189% 
(mean, 96.9% + 28.9%) of that desired, 
with only 36 eyes (56.3%) having an 
accuracy between 80% and 120%. 
Ninety percent of eyes were corrected 
between 60% and 150% of the desired 


Analysis of Variables Affecting Outcome 

Although surgery was performed by 
three surgeons, there was no variabili- 
ty in results among different surgeons. 

The smaller the clear zone diameter 
was, the greater was the astigmatic 
correction and the flattening of the 
primary incised meridian (P<.01) (Ta- 
ble 7). Changing the length of trans- 
verse incisions did not statistically af- 
fect flattening of the primary meridian 


change, which indicated only fair 
predictability. 
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or the amount of surgically corrected 
astigmatism (P>.05), but it signifi- 
cantly influenced the steepening of the 
secondary unincised meridian (P<.05). 
The longer the transverse incision 
was, the greater was the steepening of 
the secondary meridian (Table 8). 

In eyes with a 4-mm clear zone 
diameter, using three pairs of trans- 
verse incisions (four eyes) produced 
the same effect as four pairs (15 eyes), 
but both gave more correction than 
only two pairs (two eyes). Conversely, 
in eyes with a 5-mm clear zone, using 
two pairs of transverse incisions (four 
eyes) gave the same effect as three 
pairs (four eyes), but both gave more 
correction than four pairs (two eyes) 
(Table 9). 

The overall depth of incisions ex- 
pressed as a percentage of corneal 
thickness by visual inspection using a 
slit-lamp microscope varied between 
60% and 95%, with the majority of 
eyes (73.5%) having incisions between 
80% and 90% of corneal thickness. 
Eyes with less than 80% incision depth 
were undercorrected. 

There was no correlation between 
the surgically corrected astigmatism 
and the patient’s age, sex, central cor- 
neal curvature (measured with kera- 
tometry), corneal diameter, corneal 
thickness, or preoperative intraocular 
pressure. 


Complications 


The operative complications in- 
cluded microperforation in three eyes 
(4.7%), misalignment of surgical me- 
ridian more than 10° in seven eyes 
(10.9%), encroachment on the clear 
zone in three eyes (4.7%), and uninten- 
tional crossing of incisions in seven 
eyes (10.9%). 

Postoperative complications during 
the first 8 months included irregular 
wounds with slight gaping and eleva- 
tion of one corner in three eyes, fish- 
mouthing (where more than one corner 
was elevated) in two eyes, and eleva- 
tion of an isolated area of cornea 
bounded by crossed incisions occurred 
in one eye. Sterile keratitis, as diffuse 
infiltration around crossed incisions, 
occurred in four eyes and self-limited 
recurrent epithelial erosions in three 
eyes. Irregular astigmatism (deter- 
mined by a subjective impression dur- 
ing keratometry and retinoscopy) was 
observed early after surgery in nine 
eyes (14.1%). All these complications 
were interrelated and occurred concur- 
rently in the earlier cases; they all 
disappeared with follow-up so that at 1 
year, only two eyes (3.1%) had irregu- 
lar astigmatism due to irregular wound 
healing. These two eyes lost two Snel- 
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Table 8.—Change in Refractive Astigmatism With Different Lengths of Transverse 
Incisions in Trapezoidal Keratotomy in 64 Eyes 


Length of Transverse Incisions, mm 


ee ee a 


Variable 


‘oan surgically corrected 
astigmatism, D 





Mean flattening of 
primary meridian, D 
Mean steepening of 
secondary meridian, D 





Steepening-flattening ratio 1-2.5 


Table 9.—Effect of Varying the Number of Transverse Incisions of Trapezoidal 
Keratotomy on Mean Surgically Corrected Astigmatism in Eyes with 4.0- and 5.0-mm 
Clear Zone Diameters 


Diameter of 
Clear Zone, mm 
4.0 3.2 + 0.8 D 
1.4 + 0.9D 


4 Pairs 


len lines of best spectacle-corrected 
visual acuity in contrast to the remain- 
ing 97% of eyes, which maintained 
their preoperative best spectacle-cor- 
rected visual acuity. 


COMMENT 


Our study showed that trapezoidal 
keratotomy effectively reduced natu- 
rally occurring astigmatism, but with 
only fair predictability and with some 
operative and postoperative complica- 
tions. Since most other studies™™ of 
this technique have reported mainly 
eyes with postkeratoplasty astigma- 
tism, comparison with our series of 
naturally occurring astigmatism seems 
improper because of the completely 
different pathophysiologic features and 
dynamics involved.” Trapezoidal kera- 
totomy in those cases of postkerato- 
plasty was associated with a wider 
range of variability and a higher inci- 
dence of complications, especially ir- 
regular astigmatism and change in re- 
fractive axis.” The only studies 
available for comparison are the clini- 
cal series reported by Villasenor and 
Stimac,” three cadaver eye studies,” 
and the report by Nordan” that repre- 
sents his personal experience rather 
than clinical data. 


Refraction vs Keratometry 


Throughout the study, we relied on 
refractive measurements of the total 
astigmatic error rather than kerato- 
metric measurements, because refrac- 
tion measures the total astigmatic er- 
ror, thus minimizing chances of under- 
correction or overcorrection.” Other 
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No. of Transverse Incisions 
oe SS SEE E N 


3 Pairs 
3.2 + 0.6 D 
2.2+ 09D 


2 Pairs 
2.0 + 0.4 D 
24 + 07D 





studies” have reported only kerato- 
metric readings of corneal astig- 
matism. 


Stability of Postoperative Refraction 


Following trapezoidal keratotomy, 
the mean surgically corrected astigma- 
tism decreased significantly up to the 
third month, after which it remained 
generally stable until the end of the 
first year. This loss of early effect was 
comparable with that reported by La- 
very and Lindstrom” and was attrib- 
uted to resolution of corneal edema and 
early wound healing. A similar phe- 
nomenon was observed following radi- 
al keratotomy by McDonnell and 
Schanzlin” and in the PERK study by 
Waring et al,” in which most eyes had 
some loss of effect during the first 
3 months. 

Loss of effect was greater in over- 
corrected eyes that showed a gradual 
reduction of their overcorrection than 
in undercorrected eyes that showed a 
smaller increase in their undercorrec- 
tion. We think this is because about 
half of the overcorrected eyes had 
crossing of incisions that produced 
more edema and delayed wound heal- 
ing. However, this trend was not ob- 
served in eyes that were corrected to 
within 0.5 D of the desired correction. 


Surgically Corrected Astigmatism 


The mean astigmatic correction by 
vector analysis at 1 year was 3.70 D 
(range, 0.75 to 8.5 D), with all cases 
having a reduction in their preoper- 
ative astigmatism. Nordan”’ stated 
that trapezoidal keratotomy can cor- 


rect between 3.5 and 8.0 D of naturally 
occurring astigmatism, whereas Villa- 
senor and Stimac” showed a correction 
between 0 and 7.25 D. Lavery and 
Lindstrom” described three eyes with 
naturally occurring astigmatism that 
were corrected to 1.25, 2.5, and 4.63 
D, depending on the clear zone diame- 
ter. Merck et al” described one eye 
that was corrected to 1.28 D. These 
results suggest that trapezoidal kera- 
totomy can be graded to produce a 
wide range of corrections, but with 
only fair predictability. 


Effect on the Primary and 
Secondary Meridians 


Any keratotomy incision flattens the 
cornea along the primary (incised, 
steep) meridian, but its effect on the 
secondary (unincised, flat) perpendicu- 
lar meridian depends on the orienta- 
tion and length of the incision. Radial 
incisions flatten both the primary and 
secondary meridians, whereas trans- 
verse incisions flatten the primary and 
steepen the secondary meridian. 
Trapezoidal keratotomy, being a com- 
bination of both types of incisions, has 
the theoretical advantage of correcting 
astigmatism without influencing the 
associated spherical component when 
refraction is expressed in minus cylin- 
der form, because the effects of the 
semiradial and transverse incisions on 
the secondary meridian neutralize each 
other. This presumption was not ful- 
filled in our study; only four eyes 
(6.2%) had no change in their spherical 
component. The majority (46 [71.9%]) 
had a change in the myopic direction of 
increased minus power of the associat- 
ed spherical error, indicating that 
transverse incisions had a greater 
steepening effect on the secondary me- 
ridian than the flattening induced by 
semiradial incisions. 


Effect on Spherical Equivalent Refraction 


On the other hand, almost all eyes 
(96.9%) had a change in their spherical 
equivalent refraction (calculated as the 
spherical component plus half the cyl- 
inder) in the hyperopic direction, indi- 
cating the overall flattening effect of 
the procedure, an observation that was 
also reported by Nordan.” 


Residual Postoperative Astigmatism 


In our series, the mean postopera- 
tive refractive astigmatism at 1 year 
was 0.85 D (range, 0 to 4.0 D), with 
41 eyes (64.1%) having 1.0 D or less. 
Villasenor and Stimac showed the 
postoperative astigmatism to range 
between 0 and 9.5 D (mean, 2.6+1.86 
D), with nine eyes (33.3%) having 
1.0 D or less. 
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Many authors”** have observed 
that despite a large vector-corrected 
change in astigmatism, there was not 
an equal reduction in the residual post- 
operative astigmatism. Merck et al” 
attributed this to the difference be- 
tween the original astigmatic axis and 
the axis of the surgically induced 
change that creates a new astigmatic 
error at a different axis. 

In our study, 39 eyes (60.9%) had a 
change in axis of astigmatism of less 
than 10°, 15 eyes (23.4%) had about 90° 
shift due to overcorrection, and only 10 
eyes (15.6%) had an axis shift between 
10° and 30°. Villasenor and Stimac” 
showed that in 25% of eyes, the astig- 
matic axis changed by more than 45°. 
We think that the problem of marked 
axis shift in other studies*” may be 
produced by improper alignment of the 
trapezoid along the steep meridian. 
This was reduced in our study by 
meticulous preoperative determination 
of the steep meridian by both refrac- 
tion and keratometry and by accurate 
marking of the steep meridian on the 
cornea using anatomic landmarks at 
the limbus or on the iris. A surgical 
keratometer may provide extra help in 
this respect.* 


Variables That Affect Outcome 


Depth of Incisions.—Ruiz” ob- 
served that eyes with incisions shal- 
lower than 80% tended to be undercor- 
rected, while eyes with incisions 
deeper than 80% had overcorrection." 
We agree with Ruiz,” Nordan,” and 
Lindstrom and Lindquist” that an 
achieved depth of 80% to 85% is opti- 
mal for transverse incisions, a depth 
that was achieved in 73.5% of our eyes, 
because all undercorrected eyes had 
incisions less than 80% in depth. 

Diameter of Clear Zone.—Our 
study confirmed previous reports” 
that the effect of trapezoidal kera- 
totomy varies inversely with the diam- 
eter of the clear zone. Experimental 
studies” in cadaver eyes have 


1. Snellen H. Die Richtung der Hauptmeridiane 
des astigmatischen Auges. Albrecht Von Graefes 
Arch Klin Exp Ophthalmol. 1869;15:199-207. 

2. Bates WH. A suggestion of an operation to 
correct astigmatism. Arch Ophthalmol. 1894;23:9- 
13. 

3. Sato T. Posterior half-incision of cornea for 
astigmatism: operative procedures and results of 
the improved tangent method. Am J Ophthalmol. 
1953;36:462-466. 

4. Barraquer J, Muinos A. Lamellar scleral re- 
section: indications and technique. Am J Ophthal- 
mol. 1956;41:92-98. 

5. Troutman RC. Microsurgical control of corne- 
al astigmatism in cataract and keratoplasty. Trans 
Am Acad Ophthalmol Otolaryngol. 1973;77:563- 
572. 

6. Troutman RC, Swinger C. Relaxing incision 


shown that the maximum effect of 
transverse incisions is produced by 
those placed at the 5-mm-diameter 
zone and that the addition of more 
incisions at a smaller zone diameter 
contributes less and may even de- 
crease the effect of the initial incisions. 
This was not found in our study, which 
showed that the 3-mm clear zone gave 
much more effect than the 5-mm clear 
zone. This apparent contradiction can 
be justified because the procedure we 
used consisted of both transverse and 
semiradial incisions that started at the 
margin of the clear zone. The increased 
effect in our study with a smaller zone 
diameter may be due to the semiradial 
rather than the transverse incisions. 

Many authors prefer to avoid a 
smaller clear zone diameter in trape- 
zoidal keratotomy to reduce the chance 
of glare and irregular astigmatism. 
Nordan” limited his clear zone diame- 
ter to 3.5 mm, Villasenor" to 4.0 mm, 
and Thornton” to 4.5 mm. It was our 
impression that to obtain the maxi- 
mum effect, the semiradials may start 
at a clear zone as small as 3 mm, while 
the transverse incisions may be placed 
at larger zone diameters such as 5 mm. 
Avoiding crossing of incisions is the 
key to avoiding most of the unusual 
optical problems encountered after 
trapezoidal keratotomy. 

Length of Transverse Incisions.— 
Our study showed that longer trans- 
verse incisions did not affect the 
amount of flattening of the primary 
incised meridian, but significantly in- 
creased the steepening of the second- 
ary meridian. Transverse incisions 
longer than 5.0 mm may produce para- 
doxical flattening of the secondary me- 
ridian,” which would reduce the surgi- 
cal outcome. 

Number of Transverse Incisions. — 
Cadaver eye studies” showed that 
most of the acute change induced by 
trapezoidal keratotomy was produced 
by the first pair of transverse incisions 
and that additional incisions contrib- 
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Future Refinements.—Trapezoidal 
keratotomy can correct moderate to 
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especially the mixed type. Our results 
should alert ophthalmologists to the 
high incidence of complications, espe- 
cially poor predictability of refractive 
results. Further studies are needed to 
modify the technique to improve its 
predictability. The use of computer 
simulation models in which the differ- 
ent variables can be dissociated and 
studied independently may greatly im- 
prove our ability to control these vari- 
ables.” Fortunately, the complication 
rate can be reduced by cautious case 
selection, avoiding the intersections of 
incisions, reducing the number of 
transverse incisions, and using as large 
a clear zone as possible. 
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The Ultrastructural Defect in Conjunctiva From a Case of 
Recessive Dystrophic Epidermolysis Bullosa 


Mami Iwamoto, MD; Barrett G. Haik, MD; Takeo Iwamoto, MD; Winston Harrison, MD; D. Martin Carter, MD, PhD 


è The predominant feature in the sev- 
eral forms of epidermolysis bullosa is the 
formation of cutaneous bullous lesions 
arising after minimal mechanical trauma. 
Ocular involvement has been noted as a 
complication. To our knowledge to date, 
only four investigators have correlated 
clinical eye disease with light microscop- 
ic findings. Ultrastructure of the ocular 
lesions has not been described previous- 
ly. We present four cases of recessive 
dystrophic epidermolysis bullosa em- 
phasizing their associated ocular compli- 
cations. Diagnosis was confirmed by 
skin biopsy specimen and in one patient 
by demonstrating light and electron mi- 
croscopic findings in eyelid skin. This 
tissue exhibited ultrastructural recessive 
cutaneous lesions; namely, bullous sep- 
aration occurring below the basal lamina 
and absence of anchoring fibrils in both 
bullous and nonbullous areas. By elec- 
tron microscopy, the conjunctiva in this 
patient exhibited an absence of clear 
anchoring fibrils that were numerous in 
control tissue. This defect may increase 
the susceptibility of the conjunctiva to 
minor mechanical trauma, resulting in 
the bullous and cicatricial changes seen 
clinically. 

(Arch Ophthalmol. 
1386) 
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pidermolysis bullosa (EB) heredi- 

taria was first identified by 
Koebner' in 1886. The term has since 
been expanded to include a group of 
rare, noninflammatory, nonimmuno- 
logic diseases characterized by the sus- 
ceptibility of the skin to blister follow- 
ing even mild trauma. The more de- 
seriptive term, mechanobullous 
diseases, emphasizes this feature.” Ex- 
cluding the acquired form of EB,’ 
which is believed to be an unrelated 
autoimmune disorder distinct from he- 
reditary types, there are as many as 29 
clinically distinct entities that meet the 
criteria of EB‘ and are reviewed else- 
where.” The most useful classification 
was originally proposed by Pearson” 
who, in 1962, initiated ultrastructural 
studies of skin in patients with EB. He 
divided these diseases into three histo- 
pathologic subgroups that are distin- 
guished ultrastructurally by the level 
at which bullous skin separation oc- 
curs. In epidermolytic EB, blisters 
form within the epidermis; in junction- 
al EB, separation occurs at the lamina 
lucida; and in dermolytic or dystrophic 
EB (DEB), blister formation occurs 
below the basal lamina. In this report, 
we have studied four patients with 
recessive dystrophic EB (RDEB). 

The dominant and recessive forms of 
DEB share similar clinical characteris- 
tics and a wide range of severity, 
although the latter type is usually 
more profound. Both forms develop at 
birth or infancy and exhibit either lo- 
calized or generalized bullous skin 
eruptions on the torso and other readi- 
ly traumatized areas such as the ex- 
tremities or joints. Subsequent scar- 
ring typically results in “mitten 
deformities” and an absence of nails. 
Extracutaneous involvement, includ- 
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ing the gastrointestinal tract, respira- 
tory system, genitourinary tract, ear, 
and eye, has been described." 

Ocular complications have been re- 
ported clinically in RDEB,”*” but to 
our knowledge, they have not been 
reported in the dominant DEB group. 
When the bullous eruption occurs in 
the eyelid region, loss of eyelashes and 
obstruction of lacrimal ducts may oc- 
cur. This may result in epiphora, and 
local sequelae of scarring may include 
cicatricial ectropion, secondary expo- 
sure keratitis, recurrent corneal ero- 
sions, ulcers, opacities, perforations, 
keratitis, keratoconjunctivitis, limbal 
broadening, cicatricial band formation, 
or symblepharon. In addition to sec- 
ondary damage of the ocular surface, 
primary corneal and conjunctival vesi- 
cles have been described. 

This article concentrates on the con- 
junctival ultrastructure in RDEB. The 
histopathologic features of this disease 
have been described primarily in skin. 
Observations in ocular tissue have 
been limited to clinical descriptions, 
while only three reports examine light 
microscopic findings of the cornea” 
or conjunctiva.” The conjunctival his- 
topathologic features described by Co- 
hen and Sulzberger” probably do not 
represent a case of EB based on cur- 
rent clinical criteria. Our study con- 
sists of four cases of RDEB with asso- 
ciated ocular complications and is the 
first reported examination of the ultra- 
structural abnormality in affected 
conjunctiva. 


REPORT OF CASES 


CASE 1.—A girl (born in 1978) presented 
at birth with blisters and was diagnosed as 
having RDEB by skin biopsy specimen. 
Her parents are first cousins, but there is 
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no family history of EB. Skin blistering 
developed, with scarring and milia over the 
patient’s neck, trunk, and extremities. Syn- 
dactyly with contractures was present on 
both feet and on the left hand, and her nails 
were either dystrophic or absent (Fig 1). 
Scattered erosions developed on the buccal 
mucosa, tongue, and esophagus causing 
dysphagia. Recurrent spontaneous blister- 
ing resulted in eyelid adhesions that re- 
stricted eye movement: in the left eye, the 
upper palpebral conjunctiva was adherent 
to the cornea, and in the right eye, the 
lower palpebral conjunctiva was adherent 
to the cornea. Both corneas demonstrated 
scar tissue, obscuring the visual axis com- 
pletely in the left eye and partially in the 
right eye (Fig 2). Lamellar keratoplasty 
and separation of symblepharon were per- 
formed on the right eye. Lid and conjuncti- 
val tissue were obtained at that time. 

CASE 2.—A monozygotic twin girl had 
development of bullae at birth and was 
diagnosed as having RDEB by skin biopsy 
specimen. When last examined at age 
4 years, she had extensive atrophic scars 
and desquamation of all areas of her body, 
including her face. Corneal erosions re- 
curred monthly and several scattered sube- 
pithelial opacities were noted at the level of 
Bowman’ layer. Findings from the remain- 
der of her ophthalmologic examination were 
unremarkable. 

CASE 3.—The female twin of the patient 
in case 2 also had RDEB with a similar 
clinical presentation, including recurrent 
spontaneous corneal erosions. Her ocular 
examination was notable for anterior stro- 
mal haze in the superior nasal peripheral 
cornea in the right eye and the superior 
temporal peripheral cornea in the left eye. 

CASE 4.—A male child (born in 1985) was 
diagnosed as having RDEB by skin biopsy 
specimen obtained 3 days after birth. When 
examined at 1 month of age, he had multiple 
intact and ruptured bullae over the trunk, 
limbs, hands, scalp, and perioral area. The 
right eye exhibited a diffuse corneal haze 
and thickening of the central epithelium. 
The left eye demonstrated peripheral cor- 
neal stromal haze. 


MATERIALS AND METHODS 


Eyelid skin and conjunctiva obtained dur- 
ing lamellar keratoplasty and segmentation 
of lid-to-conjunctiva symblepharon in one 
patient (case 1) were used for this study. 
Control skin was obtained from the eyelid 
of a patient undergoing exenteration. Con- 
trol nasal bulbar conjunctiva was obtained 
from a healthy 18-month-old child undergo- 
ing strabismus surgery and from four 
healthy 60- to 75-year-old individuals un- 
dergoing cataract extraction. 

We prepared the tissue for light micros- 
copy and electron microscopy in the stan- 
dard fashion. Briefly, we used 3.5% glutar- 
aldehyde in Caulfield buffer as the primary 
fixation, followed by 1% osmium tetroxide 
and dehydration with graded alcohols. The 
tissue was embedded in resin (Durcupan 
ACM, Fluka Chemie AG, Switzerland). 
Paraffin sections were stained with hema- 
toxylin-eosin. Plastic sections, 1 jm thick, 
were stained with methylene blue and azure 
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Fig 2.—Tarsal conjunctiva is adherent to the cornea. Note numerous blisters on the face. 


II. Ultrathin (50- to 60-nm) sections were 
cut using a microtome (Sorvall MT200, Por- 
ter Blum, Ivan Sorvall, Ine, Norwalk, 
Conn), stained with uranyl acetate-lead ci- 
trate, then observed with an electron mi- 
croscope (JEM 100-S, JOEL, Ltd, Tokyo, 
Japan). 


RESULTS: HISTOPATHOLOGIC 
FEATURES OF EYELID AND 
CONJUNCTIVA 


Eyelid Skin 


By light microscopy, the epithelium 
overlying blistered and _ unblistered 
skin was essentially normal. There 
were neither inflammatory cell infil- 
trates nor abundance of phagocytes. 
Bullae occurred only at the dermoepi- 
dermal junction. 

Electron microscopy of one of these 
bullae showed the following: the epi- 
thelial basal lamina was undisrupted 
and remained adherent to the epitheli- 
um to form the roof of the blister 
space. This space was largely homoge- 
neous with scattered debris. Clear an- 








choring fibrils (AF's) were not identi- 
fied in the basal lamina region in the 
blistered areas (Fig 3) or the unblis- 
tered areas, nor were they seen in the 
underlying dermis that formed the 
floor of the blister space. In contrast to 
these findings, abundant AFs were 
clearly present in all the control eyelid 
tissue (Fig 4). As has been shown 
previously, in sections cut perpendicu- 
lar to the basal lamina, the widest 
portion of the AF exhibits a character- 
istic cross-banded pattern. Both ends 
appear to splay out as finer filaments. 
Apically these fine branches insert into 
the basal lamina, while distally they 
extend into the dermis, where they 
may insert into dense structures called 
anchoring plaques. 


Conjunctiva 


Light microscopy showed a normal- 
thickness stratified squamous epitheli- 
um overlying portions of unblistered 
inferior bulbar conjunctiva. No blister- 
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Fig 3.—Eyelid skin in patient with recessive dystrophic epidermolysis bullosa showing a typical bulla. Left, Bullous 
separation (B) occurs below the basal lamina (bl), which remains intact and adherent to lid epidermis (E). D indicates 
dermis; n, nucleus of epidermal basal cell ( x 9500). Top right, Higher magnification of epidermal roof of bulla. No clear 
anchoring fibrils are seen. Blister cavity (B) consists of homogeneous substance. E indicates epidermis; bl, basal lamina 
(x 23 500). Bottom right, Dermal face of bulla. Dermis (D) has been denuded of epidermis and basement membrane 
structures. Collagen fibrils (arrows) form the floor of the blister cavity (B) (x 21 500). 


Fig 4.—Dermoepidermal junction in normal eyelid. Anchoring fibrils (arrows) insert along the 
basal lamina (bl) and extend deep within the dermis (D). E indicates epidermis ( x 26 600). 
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ing was observed in our tissue. There 
were no remarkable changes in the 
substantia propria, consisting of non- 
edematous collagenous tissue, blood 
vessels, and lymphatic channels. 

By electron microscopy the epitheli- 
um appeared normal, associated with 
an uninterrupted basal lamina and ad- 
herent to the underlying stroma. In 
comparison to all control conjunctiva in 
which abundant AFs were seen (Fig 
5), a marked absence of clear AF was 
obvious in the EB specimen (Fig 6). 
There were no rudimentary filaments 
in the sections we surveyed. The stro- 
ma was relatively loose and frequent- 
ly, collagen strands occurred within 
the amorphous granular substance 
(Fig 6), as in control tissue (Fig 5). 
There was no evidence of collagenoly- 
sis. One macrophage was shown to 
contain fiberlike elements within 
phagosomes. 
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Fig 5.—Normal superior bulbar conjunctiva. Substantia propria (S) appears loose with scattered 


collagen fibrils (c) in a fine granular matrix. There are anchoring fibrils (arrows) below the 


continuous basal lamina (bl). E indicates conjunctival epithelial cell ( x 21 500). 





Fig 6.—Basement membrane area of conjunctiva from patient with recessive dystrophic epider- 
molysis bullosa. Basal lamina (bl) remains intact, but it is devoid of anchoring fibrils. S indicates 
substantia propria; n, nucleus of conjunctival epithelial cell ( x 21 000). 


COMMENT 


Eye involvement is believed to occur 
in as many as 82% of patients with 
RDEB.” Our patients demonstrate the 
typical clinical presentations of RDEB 
with ocular involvement. We recon- 
firmed the diagnosis of DEB by dem- 
onstrating two specific ultrastructural 
features in extremity and eyelid skin: 
(1) the plane of separation in bullae and 
microblisters consistently occurring 
below the basal lamina, and (2) the 
absence of AFs (Fig 3) compared with 
those distinctly present in control pa- 
tients (Fig 4). Anchoring fibrils have 
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been well studied in the skin and cor- 

=” and have been noted at the 
limbus* and conjunctiva.” These fi- 
brils, which are situated beneath the 
basal lamina, are believed to stabilize 
the dermoepidermal attachment. 

In our conjunctival specimen, we 
examined an area with minimal light 
microscopic changes, with no clear 
scarring or blistering. We did not see 
chronic inflammation as noted by Des- 
tro et al.” Electron microscopy of this 
tissue disclosed an absence of AF's that 
were otherwise abundant in normal 
bulbar conjunctiva. This finding ap- 
pears to correlate with monoclonal 


antibody studies demonstrating a de- 
crease or absence of AF components in 
both the blistered and unblistered skin 
of patients with RDEB.”” 

We believe that the absence of clear 
AFs observed in the EB conjunctival 
biopsy specimen is consistent with the 
ultrastructural feature noted in RDEB 
skin.” Since AFs are thought to vary 
in number depending on an individual’s 
age and sex,” we accounted for these 
factors as thoroughly as possible by 
choosing appropriate control candi- 
dates. The extent to which the distri- 
bution of AFs may vary depending on 
location in the normal conjunctiva is 
not known, although no particular ar- 
eas of conjunctiva appeared to have a 
predilection for blistering. Since AF's 
are known to remain present in 
scarred tissue,” it is doubtful that the 
absence of AFs was due to scarring, 
although to be sure, we avoided taking 
biopsy specimens from cicatricial 
areas. 

We found no compelling evidence of 
enzymatic destruction that might ac- 
count for the diminished AFs. The 
appearance of the EB conjunctival 
stroma was not markedly different 
from control tissue. Contrary to previ- 
ous reports of skin abnormalities in 
EB,*** we did not observe ultrastruc- 
tural evidence of increased collagen- 
olysis in patients with RDEB as com- 
pared with controls. Areas of tissue 
disorganization and “amorphous sub- 
stance” among collagen fibrils, be- 
lieved by some to represent collagen- 
olysis, were ubiquitous both in the 
DEB tissue as well as in the tissue 
from the controls (Fig 5). Other atten- 
dant features of collagenolysis, such as 
increased numbers of macrophages 
and fibroblasts, were not present. 
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Ocular Findings Associated With a 
Rhodopsin Gene Codon 58 Transversion Mutation in 
Autosomal Dominant Retinitis Pigmentosa 


Gerald A. Fishman, MD; Edwin M. Stone, MD, PhD; Leonardo D. Gilbert, COT; Paul Kenna, MD; Val C. Sheffield, MD, PhD 


è Eight members of a family with auto- 
somal dominant retinitis pigmentosa 
were found to have a cytosine-to-gua- 
nine (C-to-G) transversion mutation in 
the second nucleotide of codon 58 of the 
rhodopsin gene, causing a substitution 
of the amino acid arginine for threonine. 
Five of these individuals were examined 
clinically. There was a distinct phenotyp- 
ic expression of the gene defect within 
this family that included a regional predi- 
lection for pigmentary changes in the 
inferior and inferonasal parts of the reti- 
na, as well as field impairment predomi- 
nantly in the superior hemisphere. 
Characteristic electroretinographic re- 
cordings and psychophysical threshold 
profiles also helped to identify this phe- 
notype that, on a relative basis, causes 
less severe photoreceptor cell functional 
impairment than often occurs in other 
subtypes of retinitis pigmentosa. This 
report documents the association of a 
Clinically recognizable phenotype in a 
family with autosomal dominant retinitis 
pigmentosa and a specific gene defect at 
the molecular level. 

(Arch Ophthalmol. 
1393) 
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everal distinct mutations within the 
rhodopsin gene have been identified 
in different families with autosomal 
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dominant retinitis pigmentosa (RP)."” 
For only three of these mutations have 
the ocular features been comprehen- 
sively described.***” 

We examined five members of a 
white family with autosomal dominant 
RP who showed a distinct regional 
predilection for fundus pigmentary 
changes, predominant visual field im- 
pairment superiorly, and characteristic 
electrophysiologic and psychophysical 
findings. All affected members showed 
a cytosine-to-guanine (C-to-G) trans- 
version in the second nucleotide of 
codon 58 of the rhodopsin gene, leading 
to the replacement of the amino acid 
threonine by arginine (designated as 
rhodopsin, Thr-58-Arg). Two unaf- 
fected family members were not found 
to show this mutation. These findings 
document the ocular fundus and func- 
tional changes in a family with a trans- 
version mutation in codon 58 of the 
rhodopsin gene. 


PATIENTS AND METHODS 


Blood samples were nonselectively ob- 
tained on 30 different family pedigrees from 
a total of 69 pedigrees with various previ- 
ously described subtypes” of autosomal 
dominant RP from the files of one of the 
authors (G.A.F.). Of these, only the pres- 
ent described family was identified as hav- 
ing a codon 58 mutation. 

Patients were questioned as to their sub- 
jective complaints of poor night vision, de- 
creased central acuity, and restricted side 
vision. Best corrected distance visual acu- 
ities were obtained by use of either a Snel- 
len’s acuity projection chart or modified 
Bailey-Lovie charts that used Sloan letters. 
Slit-lamp examination of the anterior seg- 
ment, lens, and vitreous humor was then 
performed. A dilated fundus examination 


with an indirect ophthalmoscope was used 
to view the distribution of any pigment 
clumping or hypopigmentation in the reti- 
na. These findings were documented by 
color fundus photography and, in certain 
instances, by fluorescein angiography with 
the use of conventional photographic proce- 
dures. Applanation tonometry was used to 
record intraocular pressure. 

Kinetic visual field examination with a 
Goldmann perimeter that used the II-4-e 
and V-4-e test targets documented any 
peripheral field impairment. One patient 
was also examined with the use of the I-4-e 
test target, and another patient was exam- 
ined with a II-2-e test target. Psychophysi- 
cally determined dark-adapted thresholds 
were obtained with either a Goldmann- 
Weekers dark adaptometer or a Tubinger 
perimeter by using previously described 
procedures. ™” Ganzfeld electroretinograms 
(ERGs) were obtained with the use of a 
modification of a previously described pro- 
cedure."*"* With the modification, all pa- 
tients underwent dark adaptation for 30 
minutes. 

All five members of the family whose 
conditions were diagnosed as RP and who 
were personally examined by one of the 
authors (G.A.F.) showed similar ocular fun- 
dus pigmentary changes, peripheral visual 
field loss, and photoreceptor cell functional 
impairment as determined by electrophysi- 
ologic and psychophysical tests. The family 
pedigree was clearly consistent with an 
autosomal dominant trait (Fig 1). 


Patients 


Patient III-8.—The proband was a 67- 
year-old white woman (Fig 1) of German 
ancestry who was initially examined at the 
age of 51 years, with the chief complaint of 
poor night vision since childhood and poor 
side vision for approximately 10 years. 

On her most recent ocular examination, 
visual acuity was correctable to 5/600 OD 
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with a refraction of —0.75+2.00x60 and 
20/50-2 OS with a refraction of 
—1.00+1.75x130. The patient indicated 
that both her reduced night vision and side 
vision had slowly worsened during the pre- 
vious few decades. She also noted a worsen- 
5 Ce Qh. Zo 2 En: T central vision, particularly in her 
Findings of the slit-lamp examination of 
the cornea, anterior chamber, and iris were 
normal in each eye. The right and left lens 
Ø, O: O: Ø. O Lk O- ©: O; er H MON M showed a mild to moderate degree of both 
7 nuclear sclerosis and posterior subcapsular 
lens changes. The right lens also showed 
pseudoexfoliation of the lens capsule. The 
vitreous humor showed a moderate number 
of pigmented cells in each eye. Applanation 
pressures were 16 mm Hg in both eyes. 
Fundus examination showed regions of 
hypopigmentation and bone-spicule-like hy- 
perpigmentation with anterior migration 
predominantly in the inferior and inferona- 
sal parts of the retina of each eye (Fig 2). 
Less extensive pigmentary changes were 





Fig 1.— Pedigree shows affected (solid symbols) and unaffected (open symbols) members of a also noted temporal to the fovea, as well as 
family with autosomal dominant retinitis pigmentosa. X's indicate all patients examined by one along and just anterior to the superior 
-of the authors (G.A.F.); arrow, the proband (patient IIl-8); and asterisk, family members with a vascular arcades, These latter regions 
codon 58 mutation of the rhodopsin gene who because of their age had not been examined showed primarily hypopigmented changes. 


The retinal vessels were attenuated in the 
inferior part of the retina, and the optic 
dises showed a waxy type of atrophy. 
Atrophic-macular lesions with a bull’s-eye 
appearance were present in each eye. 

Figure 3 shows the patient's visual field 
results on her most recent visit in 1991 and 
12 years previously in 1979. Both sets of 
results showed a predominant field loss 
within the superior visual field, as well as 
progressive loss in the inferior field. 

Figure 4 shows the patient’s ERGs over a 
16-year period. Although markedly reduced 
in amplitude, the ERGs still showed record- 
able cone and rod responses even on the 
patient’s most recent visit. Both cone and 
rod b-wave implicit times were prolonged. 
Figure 5 shows psychophysical thresholds, 
with a Tubinger perimeter demonstrating 
distinct differences in thresholds between 
the superior and inferior parts of the retina. 
The regional difference in rod thresholds 
was consistent with the type 2 subclassifica- 


ophthalmoscopically. 





Fig 2.— Fundus photographs from the right eye of patient III-8. Left, Hypopigmentation and 
hyperpigmentation occur in a bone-spicule-like configuration within the inferior part of the 
retina. Right, In the superior part of the retina, only a small degree of hypopigmentation is 
apparent, with no hyperpigmentation. 


Fig 3.— Goldmann visual fields for the right eye of patient IIl-8 in 1991 (left) and 12 years earlier (right) demonstrate 
predominant superior visual field loss. A progressive restriction has occurred within the inferior field as seen at left. 
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tion of autosomal dominant RP as described 
by Massof and Finkelstein.” Her clinical as 
well as psychophysical and electrophysio- 
logic findings were also consistent with the 
type 2 subclassification of autosomal domi- 
nant RP as described by Fishman and co- 
workers.” 

Patient IV-5 (Fig 1).—This patient was 
initially seen when she was 24 years old, 
complaining of a 6-year history of poor 
night vision. She was last seen 4 years later 
with no subjective change in night vision. 

Her visual acuity was correctable to 
20/200-2 OD with a refraction of 
+1.00+1.00x85 and 20/20—3 OS with a 
refraction of +1.50 +0.50x95. Results of 
an external ocular examination were nor- 
mal. Findings of slit-lamp examination of 
the cornea, anterior chamber, iris, and lens 
were normal in each eye. There was a 
posterior vitreous detachment in the right 
eye and trace pigmented cells in the vitre- 
ous humor of each eye. 

Fundus examination showed both hypo- 
pigmentation and hyperpigmentation in a 
bone-spicule-like fashion that was most 
dense in the inferior and nasal parts of the 
retina of each eye. A small degree of hypo- 
pigmentation was noted in the superior part 
of the retina primarily at and slightly ante- 
rior to the vascular arcades of both eyes 
(Fig 6). The foveas appeared to be normal 
and showed no evidence of a window defect 
or cystoid macular edema on fluorescein 
angiography. There was attenuation of the 
inferior retinal vessels. Visual field testing 
showed peripheral field restriction that was 
predominant in the superior field of each 
eye (Fig 7). 

An ERG showed an appreciable reduc- 
tion in the cone b-wave amplitude and an 
even greater reduction in the rod b-wave 
amplitude. Both cone and rod b-wave im- 
plicit times were prolonged (Fig 8). Psycho- 
physical testing with a Goldmann-Weekers 
dark adaptometer showed regional differ- 
ences in the degree of elevation in rod 
thresholds, with the greatest elevation in 
the inferior part of the retina. 

Patient IV-4 (Fig 1).—This patient was 
seen at the age of 32 years, with the 
complaint of difficulty with seeing at night 
since his mid-20s. His condition was diag- 
nosed as RP 4 years previously when he 
also began to note some impairment in his 
peripheral vision. 

His vision was correctable to 20/20 OD 
with a refraction of —3.00+1.75 x 155 and 
20/20-2 OS with a refraction of 
—3.50+2.00 x 30. Findings of slit-lamp ex- 
amination of the cornea, anterior chamber, 
iris, and lens were normal in each eye. The 
vitreous humor showed a posterior detach- 
ment in the right eye and trace pigmented 
cells in each eye. 

Fundus examination showed retinal ar- 
terioles that were attenuated in the interior 
part of the retina of each eye. Both optic 
discs showed a mild degree of waxy-type 
pallor. A moderate amount of retinal pig- 
ment clumping with a bone-spicule-like con- 
figuration, as well as hypopigmentation, 
was noted within the inferior and inferona- 
sal parts of the retina of each eye. A mild 
degree of retinal hypopigmentation was 
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Fig 4.—Electroretinograms for the right eye of patient III-8 (a white woman) with autosomal 
dominant retinitis pigmentosa obtained during a 16-year interval. Note relatively small b-wave 
amplitude changes under both photopic and scotopic conditions. Both cone (photopic white) and 
rod (scotopic blue) b-wave implicit times were prolonged. Left, Electroretinogram of patient at 
age 51 years, August 11, 1975. Center left, Electroretinogram of patient at age 57 years, 
November 11, 1982. Center right, Electroretinogram of patient at age 67 years, January 23, 
1991. Right, Normal electroretinogram. 


Fig 5.— Psychophysical thresholds profile with a Tubinger perimeter from the left eye of patient 
\Il-8 demonstrate distinct differences in thresholds between the superior (Super) and inferior 
(Infer) parts of the retina. Circles indicate 656-nm test target; triangles, 500-nm test target; DA, 
dark adapted; BG, normal range of thresholds for a blue-green 500-nm test target; and R, normal 
range for 656-nm test target. Thresholds in the superior part of the retina were rod mediated but 
unobtainable in the inferior part of the retina (upper panel). cd indicates candelas. 
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noted along the superior vascular arcade of 
both eyes. The foveas appeared to be nor- 
mal. Visual field testing showed restriction 
predominantly within the superior field of 
each eye (Fig 9). An ERG showed a cone b- 
wave amplitude that was only slightly re- 
duced below the normal range with a pro- 
longed implicit time. The patients rod 
function was appreciably reduced but with a 
normal b-wave implicit time (Fig 10). Dark- 
adaptation testing with a Goldmann- 
Weekers dark adaptometer showed region- 
al variations of rod thresholds, which were 
considerably more elevated in the inferior 
part of the retina than in the superior part 
of the retina. 

Patient IV-3 (Fig 1).—This patient was 
seen at 22 years of age; he had no subjective 
ocular complaints with the exception of 
mild, nonspecific photopsias in both eyes of 
1 to 2 years’ duration. He did not complain 
of nyctalopia or peripheral field restriction. 

His visual acuity was correctable to 





20/0+2 OD with a refraction of 
—4.00 +2.00 x 110 and 20/30—2 OS with a 
refraction of —4.25+1.75 x80. A mild pen- 
dular occlusion nystagmus was seen for 
each eye. Findings of slit-lamp examination 
of the cornea, anterior chamber, iris, and 
lens were normal in each eye. The vitreous 
humor showed trace pigmented cells in each 
eye. 

Fundus examination showed normal optic 
discs. The retinal vessels were attenuated 
in the inferior part of the retina but normal 
in the superior part of the retina of each 
eye. The inferior and inferonasal parts of 
the retina of each eye showed hypopigmen- 
tation and pigment mottling, which was not 
apparent in the superior part of the retina. 
The inferior part of the retina also showed a 
sparse amount of pigment clumping that 
was not seen in the superior part of the 
retina. The foveas appeared to be normal 
by both clinical ophthalmoscopy and fluo- 
rescein angiography. Visual field testing 


Fig 6.— Fundus photographs from left eye of patient IV-5. Left, Hypopigmentation and hyperpig- 
mentation are apparent within the inferior part of the retina. Right, A mild degree of hypopigmen- 
tation without hyperpigmentation is apparent within the superior part of the retina. This greater 
degree of pigmentary change in the inferior part than in the superior part of the retina was similar 


to that depicted in Fig 2. 





showed a mild degree of peripheral restric- 
tion that was selectively apparent within 
the superior field. 

An ERG showed cone and, to a greater 
extent, rod b-wave recordings that were 
reduced in amplitude. The cone b-wave 
implicit time was prolonged, whereas the 
rod b-wave implicit time was normal (Fig 
10). 

Patient IV-1 (Fig 1).—This patient was 
seen at 38 years of age, with the chief 
complaint of poor night vision since approxi- 
mately the age of 25 years. This symptom 
had not subjectively worsened since its 
onset. She did not complain of peripheral 
visual field impairment. The patient’s condi- 
tion was diagnosed as RP at the age of 28 
years. 

Her visual acuity was correctable to 


20/25+2 OD with a refraction of y 


—2.25+0.75 x 120 and 20/25-—2 OS with a 
refraction of —2.00+0.50x 90. Findings of 
slit-lamp examination of the cornea, anteri- 
or chamber, iris, and lens were normal for 
each eye. 

Fundus examination of each eye showed 
hypopigmentation and pigment clumping in 
a bone-spicule-like pattern, which was clini- 
cally limited to the inferior and inferonasal 
parts of the retina. The retinal vessels in 
the inferior part of the retina were mildly 
attenuated, whereas those in the superior 
part of the retina appeared to be normal. 
The optic dises showed a mild degree of 
Waxy-appearing pallor. The foveas ap- 
peared to be normal by both ophthalmosco- 
py and fluorescein angiography. Visual field 
testing showed midperipheral partial-ring 
scotomas to a II-4-e test target that was 
predominantly apparent within the superior 
field of each eye. 

An ERG showed a cone b-wave ampli- 
tude that was reduced to approximately 
50% from the lower limit of normal and a 
prolonged implicit time. The rod b-wave 
amplitude was reduced about 80% below 
the lower normal limit but showed a normal 
implicit time. 


Fig 7.— Goldmann visual fields for right eye of patient IV-5 demonstrate predominant superior visual field loss, obtained in 
1981 (left) and 4 years earlier (right). Note progressive restriction has occurred within the inferior field as seen at left. 
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DNA Analysis 


DNA was prepared from blood samples 
with the use of the protocol of Grimberg et 
al." The DNA concentration was measured 
with the use of a _ spectrofluorometer 
(Hoefer, San Francisco, Calif) in the pres- 
ence of Hoechst 33258 dye (Hoefer). Two 
polymerase chain reaction (PCR)-amplifica- 
tion primers that flanked codon 58 were 
selected from the rhodopsin gene sequence 
reported by Nathans and Hogness, 7 and 
these were prepared by using phosphorami- 
dite chemistry with an oligonucleotide syn- 


1/26/77 


Photopic White 


5-min Scotopic White 


15-min Scotopic White 


thesizer (Applied Biosystem Model 391, 
Foster City, Calif). Primer sequences were 
as follows: 


5 TCTGCTGATCGTIGCTGGGCIT 3 
and 
§ CGCCCGGCGEGccoeacGgeccacc- 
CCCCGCCCCCGCCCGGAGGGCTTTG- 
GATAACATTG 3’. 


One primer contained a 5’ 40-base pair (bp) 
GC-rich sequence (known as GC clamp). 
This sequence, when incorporated into a 
PCR product, has been shown to increase 
the sensitivity of mutation detection by 


6/12/81 








Fig 8.—Electroretinograms from right eye of patient IV-5 (a white woman) obtained during a 4- 
year interval. Small changes in the scotopic amplitudes are seen. Both cone and rod b-wave 
implicit times, when measurable, were prolonged. Left, Electroretinogram of patient at age 24 
years, January 26, 1977. Right, Electroretinogram of patient at age 28 years, June 12, 1981. 


denaturing gradient gel electrophoresis.” 
The product that results from PCR amplifi- 
cation with the use of these primers is 400 
bps in length and includes 360 bps of the 
exon 1 sequence (bp, 428 to 788") and the 
40-bp GC clamp. 

The PCR amplification was performed 
with the use of modifications and a previ- 
ously reported protocol." The procedure 
was as follows: approximately 500 ng of 
human genomic DNA was mixed with 50 
pmol of each primer and 37.5 nmol of each 
deoxyribonucleoside triphosphate in 100 pL 
of PCR buffer (67 mmol/L of TRIS hydro- 
chloride, pH 8.8, 6.7 mmol/L of magnesium 
chloride, 16 mmol/L of ammonium sulfate, 
10 mmol/L of 2-mercaptoethanol, and 10% 
dimethyl sulfoxide) and 1.5 U of Thermus 
aquaticus DNA polymerase (Perkin-Elmer 
Cetus, Emeryville, Calif). The samples 
were overlaid with approximately 50 uL of 
mineral oil and incubated at 94°C, 58°C, and 
72°C for 30 seconds at each temperature in 
a thermal cycler (Perkin-Elmer Cetus) for a 
total of 40 cycles. Ten microliters of the 
resulting amplification product was electro- 
phoresed on a 1.5% agarose gel (Interna- 
tional Biotechnologies Inc, New Haven, 
Conn) to check for success of amplification. 
Denaturing gradient gels were prepared as 
previously described.” Ten to twenty mi- 
croliters of the amplified DNA product was 
analyzed on an 8% polyacrylamide-denatur- 
ing gradient gel that contained a 50% to 
75% linear gradient of DNA denaturants 
(100% denaturant is defined as 40% forma- 
mide and 7 mol/L of urea). Samples were 
electrophoresed at 150 V at 60°C for 8 
hours. Gels were stained with ethidium 
bromide and photographed with the use of 
positive/negative film (Polaroid Corp, Cam- 
bridge, Mass). 

The presence of a mutation in the exon 1 
sequence was indicated by multiple bands in 
the lanes that contained DNA from patients 
who were heterozygous for the mutation 
(see the “Results” section), A Thr-58-Arg 
mutation was suggested by the presence of 
a Ddel polymorphism as reported by Dryja 
et al.” The PCR products from each patient 
were digested with DdeI (GIBCO BRL, 


Fig 9.— Goldmann visual fields from right eye (left) and left eye (right) of patient |V-4 show restriction of primarily the superior 


hemisphere. 
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Fig 10.—Electroretinograms from right eyes of both patients IV-3 (June 12, 1987) (left) and IV-4 
(January 26, 1977) (center). The cone recording from patient IV-4 shows a small cone b-wave 
amplitude reduction with a prolonged implicit time, while the rod scotopic function shows an 
appreciable reduction in b-wave amplitude but with a normal implicit time. A similar, although 
more extensive, reduction in amplitudes, as well as implicit time findings, were noted for patient 
IV-3. Right, Normal electroretinogram. 
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Fig 11.—Roman numerals indicate the pedigree generation; arabic numbers, individual patients 
as shown in Fig 1; closed symbols; affected individuals; and open symbols, unaffected individ- 
uals. Each of the symbols corresponds to the individual whose DNA analysis is depicted in the 
lanes directly below it. In the top panel, GC clamp—denaturing gradient gel electrophoresis 
reveals multiple bands if the patient is heterozygous for a mutation in the analyzed segment of 
DNA, and a single band if the patient is homozygous (normal). In the bottom panel, the enzyme 
Ddel creates a new 275-base pair fragment if the codon 58 mutation is present. All affected 
individuals have multiple bands in the gradient gel lanes and the 275—base pair band in the Ddel 
digestion lanes. DGGE indicates denaturing gradient gel electrophoresis. 





Gaithersburg, Md) according to the manu- RESULTS 
facturer’s recommendations. The digested 
DNA was then electrophoresed on an 8% 
nondenaturing polyacryamide gel (Interna- 
tional Biotechnologies Inc) for 2 hours at 
120 V. The Thr-58-Arg mutation was con- 
firmed by direct sequencing of PCR prod- 
ucts from two patients with the use of a 
previously described protocol.” 


The DNA samples from 13 family 
members were analyzed with a combi- 
nation of denaturing gradient gel elec- 
trophoresis and restriction enzyme di- 
gestion (Fig 11). The PCR products 
from patients who were heterozygous 


1392 Arch Ophthalmol—Vol 109, October 1991 





for the mutation contained four double- 
stranded DNA species visible by dena- 
turing gradient gel electrophoresis 
(DGGE): two homoduplexes (normal 
and mutant) and two heteroduplexes 
(one strand of a normal molecule an- 
nealed to the complementary strand of 
a mutant molecule). The upper panel of 
Fig 11 shows that eight individuals had 
the heterozygous-banding pattern, 
while the remaining five patients were 
homozygous for the normal exon 1 
sequence. The denaturing gradient gel 
electrophoresis (DGGE) analysis of 
PCR products from exons 2 through 5 
revealed no other mutations in the 
rhodopsin-coding sequences of these 
patients (data not shown). The lower 
panel of Fig 11 shows the results of 
Ddel digestion of the same exon 1 
PCR product used for the denaturing 
gradient gel. The presence of a C-to-G 
transversion in the second nucleotide 
of codon 58 creates a Ddel site 37 
nucleotides from the end of a 312-bp 
fragment. Thus, individuals who are 
heterozygous for this mutation have 
both a 312-bp band (corresponding to 
their normal rhodopsin gene) and a 
275-bp band created by cleavage at the 
new Ddel site.” The 37-bp fragment 
and a 68-bp fragment that result from 
cleavage at a nonpolymorphic Ddel 
site have been electrophoresed off the 
gel. All individuals who were heterozy- 
gous for an exon 1 sequence mutation 
in the denaturing gradient portion of 
the experiment were also heterozy- 
gous for the presence of a new Ddel 
site at or near codon 58. To confirm the 
exact nature of the mutation that af- 
fected this family, the PCR product 
from two affected patients (III-8 and 
IV-5) was sequenced and found to be 
heterozygous for a C-to-G transversion 
in the second nucleotide of codon 58 
(data not shown). 


COMMENT 


The investigation of this family fa- 
cilitated the identification and charac- 
terization of the clinical phenotype that 
results from a specific mutation in co- 
don 58 of the rhodopsin gene in one 
form of autosomal dominant RP. A 
clinical description of patients with a 
codon 58 mutation has been limited to 
one report in which only ERG findings 
were described for a single patient. To 
our knowledge, this patient’s pedigree 
has been the only one previously cited 
in the ophthalmic literature.’ 

The manner by which this mutation 
results in the specific phenotype re- 
mains to be clarified. Nevertheless, a 
specific clinical presentation is evident 
for this autosomal dominant subtype, 
at least within the pedigree reported 
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herein. Patients generally can experi- 
ence nyctalopia anywhere from the 
first to the third decade of life. A 
distinct predilection for pigmentary 
changes to occur within the inferior 
and inferonasal parts of the retina was 
apparent in all affected family mem- 
bers. It is of interest that this predilec- 
tion of pigmentary changes for the 
inferior part of the retina was also 
reported in at least some families with 
a codon 23 rhodopsin mutation.* In our 
pedigree, there was no evidence that 
any of the affected family members 
had a history of excessive light expo- 
sure to account for an inferior retinal 
predilection of their pigmentary 
changes. 

In this family with the 58 codon 
mutation, there was a slow progres- 
sion of the retinal disease in which the 
superior part of the retina showed field 
impairment progressing from the pos- 
terior pole to the more peripheral re- 
gions. Psychophysical testing, not un- 
expectedly, showed a regional 
distribution in elevation of rod thresh- 
olds, with greater elevations occurring 
within the inferior part of the retina. 
At the majority of the loci where 
thresholds were measurable, they 
were rod mediated, consistent with a 
type 2 subtype of autosomal dominant 
RP that has been previously de- 
scribed.” The ERG amplitudes 
showed a slow deterioration over time. 
Cone b-wave responses, although re- 
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duced in amplitude, were generally 
recordable and prolonged in implicit 
time. Rod amplitudes, although re- 
duced, were also measurable and were 
either normal or prolonged in implicit 
time. This relatively better preserva- 
tion of ERG amplitudes was also noted 
in one previously described patient 
with a codon 58 mutation. Unlike in 
four of our patients, a prolonged cone 
b-wave implicit time was not found in 
this patient. However, it appeared 
from the published ERG recording 
that the rod implicit time in this pa- 
tient was prolonged.” In general, a 
prolonged cone b-wave implicit time 
and notable degree of rod amplitude 
reduction distinguish patients with a 
codon 58 mutation from those previ- 
ously described in the literature as 
having sector RP."*'* However, the 
inferior predilection for pigmentary 
changes seen in patients with this mu- 
tation is similar to that seen in patients 
with sector RP. 

By identifying additional patients 
with this infrequent mutation, a more 
comprehensive understanding of the 
clinical phenotype, including progno- 
sis, in this subtype of autosomal domi- 
nant RP will emerge. From our assess- 
ment of this single family, there 
appears to be a favorable prognosis for 
the partial retention of peripheral 
field, as well as the retention of func- 
tional foveal vision, at least in one eye. 
The identification of a specific muta- 
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tion associated with a disorder, such as 
that in this family, affords investiga- 
tors the opportunity of diagnosing dis- 
ease in family members who are at risk 
at a very early age. Furthermore, if 
requested, an intrauterine diagnosis 
would likely be possible. 

Hopefully, future investigations will 
help to clarify how this structural ab- 
normality within the rhodopsin gene 
results in a slow but inexorable deteri- 
oration in not only rod but also cone 
photoreceptor cell function. Addition- 
ally, the reason for an inferior and 
inferonasal predilection for this deteri- 
oration is unclear. Further screening 
of additional autosomal dominant pedi- 
grees, as well as other genetic forms of 
RP, will eventually result in a nosolog- 
ic subclassification of this heteroge- 
neous group of disorders based on al- 
terations at a molecular level. 
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Development of Vision in Retinopathy of Prematurity 


Osamu Katsumi, MD; Mehul C. Mehta, MD; Yoshie Matsui, MD; Hitomi Tetsuka, MD; Tatsuo Hirose, MD 


© Serial measures (range, two to eight) 
of preferential-looking grating acuities of 
52 infants with retinopathy of prematurity 
were made. Group 1 patients (n=11), 
who had little or no macular displace- 
ment, had normal preferential-looking 
acuity except for two who had mild acu- 
ity deficits. None of the group 2 patients 
(n=12), who had dragged maculas, ever 
had normal acuity. On the average, their 
acuities, which ranged from 1 to 6 oc- 
taves less than normal, gradually in- 
creased at a rate not significantly differ- 
ent from normal. Group 3 patients 
(n=29), who had undergone open-sky 
vitrectomy, had significantly lower acuity 
despite reattachment of the retina. 

(Arch Ophthalmol. 1991;109:1394- 
1398) 


R etinopathy of prematurity (ROP) is 

one of the leading causes of severe 
visual dysfunction and blindness in in- 
fants and young children in the United 
States. It is a pathologic retinal condi- 
tion observed in extremely premature 
and low-birth-weight infants.’ The inci- 
dence of ROP has resurged in recent 
years, following a decline in the 1960s 
and 1970s, due to dramatic improve- 


Accepted for publication June 7, 1991. 

From the Clinical Research Unit, Eye Research 
Institute (Drs Katsumi, Mehta, Matsui, Tetsuka, 
and Hirose), Department of Ophthalmology, Har- 
vard Medical School (Drs Katsumi, Mehta, and 
Hirose), and Retina Associates (Dr Hirose), Bos- 
ton, Mass; Department of Ophthalmology, Tokyo 
(Japan) Women’s Medical College, Daini Hospital 
(Drs Katsumi and Tetsuka); and Department of 
Ophthalmology, Faculty of Medicine, Kyoto (Ja- 
pan) University (Dr Matsui). 

Presented in part at the Annual Meeting of the 
Association for Research in Vision and Ophthal- 
mology, Sarasota, Fla, May 3, 1990. 

Reprint requests to Library, Eye Research 
Institute, 20 Staniford St, Boston, MA 02114 (Dr 
Katsumi). 


1394 


ment in the survival rate of low-birth- 
weight infants.” It is estimated that 
about 40 000 infants weighing less than 
1500 g are born in the United States 
each year.’ The incidence of severe 
(stage 3 or worse) ROP ranges from 
5% to 10%. Very severe (stage 5) ROP 
progresses to total retinal detachment 
and was once considered untreatable. 
At present, approximately 550 infants 
in the United States are estimated to 
go blind each year.’ However, with 
advances in vitreoretinal surgery, cer- 
tain cases of ROP now can be treated 
with some success." 

In pediatric patients, early diagnosis 
and treatment of the pathelogic condi- 
tion is critical, and good evaluation of 
visual function is essential. Owing to 
the recent advances in evaluation of 
acuities in infants and young children, 
such as optokinetic nystagmus,” pat- 
tern-reversal visual evoked response,” 
and preferential looking (PL), we 
have a much clearer understanding of 
the overall pattern of normal childhood 
visual development. 

However, the pattern of visual de- 
velopment in visually impaired infants 
and young children, especially those 
with ROP, has not been tested by 
serial measurements of grating acuity. 
Do these children show any visual de- 
velopment? Does the pattern of visual 
development differ when correlated 
with ROP severity? Preferential-look- 
ing procedures allow this testing to be 
accomplished. The present study was 
undertaken to answer these questions, 
and we monitored the visual develop- 
mental pattern in subjects with ROP of 
varying severity, using the PL meth- 
od, up to the age of 48 months. 


PATIENTS AND METHODS 
Patients 


Fifty-two patients with ROP were select- 
ed for this study. The criteria for the selec- 
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tion were as follows: (1) subjects with pro- 
found physical and mental disabilities who 
could not tolerate the testing procedure 
were excluded and (2) those subjects in 
whom we monitored visual development at 
least twice in a period spanning at least 6 
months between birth and 48 months were 
included. 

Ages at the time of the initial vision 
examination ranged from less than 1 month 
to 33 months. The 52 subjects (32 female 
and 20 male) were divided into three groups 
according to the fundus findings. The Reese 
et al” classification for cicatricial stage of 
ROP was used because most of the cases 
had passed the acute stage of ROP when 
the test was performed. In cases with acute 
ROP, international classification was 
used." 

Group 1 consisted of 11 patients with 
stages 1 and 2 ROP at the active stage 
(grade 1 with the classification of Reese et 
al). Two patients in this group had received 
cryoapplication before testing. The dura- 
tion of follow-up ranged from 6 to 40 months 
(median, 16.23 months). The number of 
observations in this period ranged from two 
to six (median, 3.36), 

Group 2 included 12 patients with re- 
gressed stage 3 and stage 4 ROP with a 
displaced macula (grades 2 and 3 with the 
Reese et al classification). Three patients 
had received scleral buckling before test- 
ing. The duration of follow-up ranged from 
6 to 39 months (median, 18.33 months). The 
number of observations ranged from two to 
eight (median, 3.27). 

Group 3 included 29 patients with stage 5 
(total retinal detachment) ROP and grade 5 
with the Reese et al classification at the 
time of surgery, who underwent open-sky 
vitrectomy with or without scleral buckling 
and had their retinas reattached. The dura- 
tion of follow-up ranged from 7 to 32 months 
(median, 16.23 months). The number of 
observations ranged from two to six (medi- 
an, 3.47). In this group, six patients had 
scleral buckling after the open-sky vitrec- 
tomy, and five subjects required additional 
closed vitrectomy after the open-sky vitrec- 
tomy. Four patients had combined scleral 
buckling and closed vitrectomy after open- 
sky vitrectomy. Retinal reattachment was 
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Fig 1.—Left, Distribution of birth weight in the study patients (N =52). Right, Distribution of gestational 


age. 


observed 1 to 7 weeks (median, 3.92 weeks) 
after the operation. Corrective glasses 
were prescribed whenever the retina was 
found to be reattached, usually confirmed at 
the time of examination with the patient 
under general anesthesia. The state of re- 
fraction was periodically monitored, and the 
adjustment in the refractive power was 
provided whenever indicated. 

Figure 1, left, shows the distribution of 
birth weights. The average (+SD) birth 
weight for group 1 was 1025+417) g. In 
groups 2 and 3, birth weights were 
856 +228 and 785+100 g, respectively. Al- 
though the birth weight in group 3 was 
significantly lower than that in group 1 
(F =4.059, Scheffé’s F test =4.007), no sta- 
tistical difference in the birth weights exist- 
ed between groups 2 and 3. 

Figure 1, right, shows the distribution of 
the gestational ages. The average (+SD) 
gestation age for group 1 was 28.40 +3.17 
weeks. In groups 2 and 3, gestational ages 
were 26.00+1.95 and 25.84+2.14 weeks, 
respectively. The gestational age in group 1 
was significantly longer than those in 
groups 2 and 3 (F=4.36, Scheffés F 
test =3.566 and 3.49, respectively). No sig- 
nificant difference existed between groups 
2 and 3. 


Methods 


Our protocol began with a study of visual 
behavior, combining our observations with 
those of the patients’ parents. A routine 
ophthalmologic examination followed, in- 
cluding measurements of the eye position, 
pupillary reflexes, eye movement, nystag- 
mus (if present), and retinoscopy. The vi- 
sion evaluation using the PL test followed 
this preliminary workup. 

The PL test is a psychophysical examina- 
tion that takes into account the general 
preference of infants for a patterned, rather 
than a homogeneous, surface.” 

We used the PL system with the rear 
illumination-type pattern presentation, 
which has measurable acuity ranges of 20/20 
to 20/1600 in 10 different steps. During a 
PL examination, the subject sits alone or on 
the parents lap 38 cm from the testing 
apparatus. The examiner, hidden behind 
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the apparatus, flashes the red fixation 
lights on the apparatus to capture the sub- 
ject’s attention. When the examiner con- 
firms (through a peephole) that the subject 
is fixating, a grating pattern is presented 
along with a homogeneous surface of match- 
ing mean luminosity. By observing the sub- 
ject’s visual behavior, the examiner, from 
whom the display is concealed, has to deter- 
mine whether the pattern was presented to 
the right or the left aperture. This stan- 
dard, forced-choice technique was used for 
subjects from birth to 15 to 18 months of 
age; for older patients, we use the operant 
method, in which the subject receives posi- 
tive reinforcement after responding cor- 
rectly.” 

Initially, the largest grating (20/1600 = 80 
minutes of are or 0.375 cycle per degree) is 
presented. After it is confirmed that the 
subject can discriminate the grating from 
the homogeneous surface, the test is re- 
peated with finer gratings, descending in 1- 
octave steps up to the grating of 20/200 (10 
minutes of arc, or 3.0 cycles per degree). In 
finer stripes, the difference becomes small- 
er in 0.5-octave steps. The PL acuity was 
determined by analytic method on the basis 
of the “up and down staircases” procedure 
originated by Wetherhill and Levitt” and 
modified later for application in the PL 
test. 

When testing patients with severe visual 
impairment, we often start by presenting 
only one homogeneous surface through one 
stimulus aperture to determine whether the 
subject can detect the position of the stimu- 
lus apertures. Then we proceed to the 
20/3200 gratings of the Teller Acuity-LV 
[low vision] Cards (Vistech Ine, Dayton, 
Ohio). The card is first held motionless in 
front of the patient, when the patient can- 
not deteet the position of the gratings; then 
the card is presented with horizontal move- 
ment, right to left and left to right. When 
the patient can detect the grating motion, 
we record the response as 20/3200. Howev- 
er, in this study, the PL acuity to detect the 
20/3200 acuity was not subclassified into 
moving stripes or stationary stripes and 
was expressed as 20/3200 in one group. In 
this study, the PL acuity up to 20/1600 
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indicates the ability to detect stationary 
stripes, and the visual acuity level of 
20/3200 corresponds to detection of 
movement. 

We started measuring the PL acuities 
under binocular conditions; this was fol- 
lowed by monocular measurements. In this 
study, the visual acuity results are all from 
monocular measurements. 


Optical Correction 


The PL examination was performed with 
best optical correction with spectacles. The 
refraction was determined at the time of 
examination, usually with the patient under 
general anesthesia. No patient in group 1, 
five of 12 patients in group 2, and all 
patients in group 3 required optical 
correction. 


Analysis of Vision Development 


Each subjects visual acuity was evaluated 
with the PL method as described. The age- 
adjusted visual acuity was plotted on the 
visual acuity development chart at each ex- 
amination. When the patients were born 
prematurely, eg, at 24 weeks of gestation, 
their PL acuity at the chronologic age of 12 
months was plotted by adjusting for the 
period of prematurity (in this case, 16 weeks 
or 4 months, resulting in an adjusted age of 
18 months). Development of visual acuity 
also was analyzed by comparing the visual 
acuity at each age at the time of examination, 
At each examination, the age-adjusted PL 
acuity was calculated and compared with the 
normative PL acuity at the corresponding 
age, which was calculated by the method of 
Katsumi et al.” The difference between nor- 
mal visual acuity and the patient's acuity was 
expressed in octaves. As mentioned previ- 
ously, movement detection was recorded as a 
visual acuity of 20/3200. A patient's ability to 
detect only light stimulus was expressed as 
1.0 octave lower than the 20/3200 level with 
separation gap, for the purpose of this pre- 
sentation. However, to indicate that 20/3200 
and light perception are not a continuous 
value, different symbols were employed in 
the illustrations for light perception and were 
connected with broken lines instead of solid 
lines. 
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Fig 2.—Left, Vision at different ages in group 1. The ordinate denotes the log adjusted visual acuity in 
Snellen expression and the spatial frequency (in parentheses). Closed circles show the pattern of normal 
visual development with age (mean + SD); opencircles show vision in 11 group 1 patients with retinopathy 
of prematurity, with each line representing one patient. LP indicates light perception. Right, Comparison of 
visual acuity of patients with retinopathy of prematurity and that of normal subjects. The solid horizontal 
line indicates the normal visual acuity obtained from the normal value at each age in Fig 2, left. Open 
circles indicate the visual acuity difference at each examination. 
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Fig 3.—Left, Vision development in group 2 (n= 12). Right, Comparison of visual acuity in patients with 
retinopathy of prematurity and that of normal subjects. The shaded circle indicates light perception (LP). 
See Fig 2 for further explanation. 


Statistical Analysis 


The data were analyzed by means of a 
random-effects model outlined by Laird and 
Ware.” This model assumes that the distri- 
bution for the multiple measurements has 
the same form for each individual, but that 
the parameters of that distribution vary 
among individuals. In the present problem, 
we assumed that the relationship between 
the visual acuity difference (defined as the 
difference between the observed and the 
normal visual acuity) and age was linear for 
each subject, but with linear regression 
parameters that varied among children. We 
then compared the overall regression pa- 
rameters for the three groups. 


RESULTS 


The pattern of visual development in 
group 1 patients is shown in Fig 2, left. 


The age-adjusted visual acuity was 
normal in nine (81.8%) of 11 patients. 
Figure 2, right, shows the deviation of 
vision from normal visual acuity ex- 
pressed in octaves. Two patients had 
decreased vision, at the corresponding 
age, of about 2.0 octaves below nor- 
mal. Generally, the pattern of visual 
development in this group paralleled 
that of the normal group. We noticed 
in this group that the age-adjusted PL 
acuity was sometimes better than the 
normal visual acuity, a phenomenon 
often observed in early infancy. The 
difference gradually disappeared with 
age. This phenomenon was found in 
subjects with normal fundi. Their PL 
acuity, when age adjusted, became 
higher than normal, which should be 
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kept in mind when using age adjust- 
ment for the visual acuity comparison. 

Figure 3, left, shows the visual acu- 
ity development in group 2. The visual 
acuity ranged from a slightly subnor- 
mal acuity to 20/3200 or hand move- 
ment. In Fig 3, right, the visual acuity 
in group 2 ranged from more than 1.0 
octave to almost 6.0 octaves below 
normal. Two patients who showed a 
PL acuity almost 6.0 octaves below 
normal had severe macular displace- 
ment forming tight retinal folds. One 
patient (adjusted age, 6 months) had a 
PL acuity 1.0 octave below normal, 
although the effect of age adjusting 
may be partially responsible for the 
good visual acuity. Nine (75%) of 12 
patients showed a PL acuity 2.0 to 4.0 
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Fig 4.—Left, Vision development in group 3 (n= 29). Right, Comparison of visual acuity in patients with 
retinopathy of prematurity and that of normal subjects. The shaded circles indicate light perception (LP). 
See Fig 2 for further explanation. 


octaves below normal. Their pattern of 
visual development, even though be- 
low normal, was almost parallel to that 
of normal subjects. 

Figure 4, left, shows the visual de- 
velopment pattern in group 3. Al- 
though we noted a few cases with 
substantial visual acuity, the majority 
showed a much lower level than pa- 
tients in groups 1 and 2. From Fig 4, 
right, it is clear that the rate of visual 
development in the majority of pa- 
tients in group 3 did not parallel that of 
the normal subjects or even the sub- 
jects with mild ROP. The difference 
between the normal visual acuity and 
the PL acuity of group 3 patients in- 
creased with their advancing age. 
Those with significant development of 
visual acuity after the operation had 
generally been operated on at a youn- 
ger age. Those patients who were op- 
erated on later generally showed poor 
acuities, but a few did show some 
development (Fig 4). On the other 
hand, five patients showed an actual 
decrease of vision during follow-up. In 
three of these five patients, glaucoma 
was found to be the cause of vision 
deterioration; the detailed analysis of 
these cases has been reported else- 
where.” 

In group 3, of the 29 subjects, 12 
(41.4%) showed light perception only. 
Six patients (20.7%) were able to dis- 
criminate the 20/3200 stripes but not 
the stationary stripes (20/1600). Elev- 
en patients (37.9%) detected the sta- 
tionary stripes; of these, three 
achieved a visual acuity of 20/400 or 
better. 

The Table shows the results of the 
statistical analysis of the data shown in 
Figs 2, right, 3, right, and 4, right, 
adjusted with the random-effects mod- 
els of Laird and Ware.” Normal devel- 
opment corresponds to a line with a 
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slope and intercept both equal to zero. 
Neither the slope nor the intercept 
differed significantly from zero for the 
group 1 patients. The group 2 patients 
had an intercept significantly less than 
zero, and the group 3 patients had both 
a slope and an intercept significantly 
different from zero. The slope for 
group 3 differed significantly from that 
for groups 1 and 2, and the intercepts 
differed between group 1 and groups 2 
and 3. Overall, group 1 patients did not 
differ significantly from normal sub- 
jects; group 2 patients had visual acu- 
ities at a consistent level (approxi- 
mately 3 octaves) below normal; the 
patients in group 3, with severe ROP, 
lost significant ground during their 
first 4 years, with a gap between their 
visual acuity and that of normal sub- 
jects increasing an average of 0.10 
octave each month. Some showed an 
actual decrease of vision, while others 
appeared to stop or slow down the 
development of vision as compared 
with normal infants, whose vision con- 
tinuously improves as they grow older. 


COMMENT 


Methods of evaluating visual func- 
tion in infants and young children have 
improved and become more accurate in 
the last 20 years. With improvements 
in the testing protocol with the use of 
optokinetic nystagmus, PL, and pat- 
tern-reversal visual evoked responses, 
we can now determine how vision de- 
velops in normal infants and young 
children. However, even in patients 
with relatively good visual function, 
conducting these tests can be a chal- 
lenge. Examining visually handicapped 
pediatric patients is even more diffi- 
cult. Because of their severe visual 
impairment, these patients usually 
cannot discriminate patterns used rou- 
tinely to test normal infants. As a 


Parameter Estimates From Random 
Effects Model for Visual Acuity * 


Parameter Estimates 
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Intercept Slope for Age 
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—2.82ł 0.47 —0.04 0.02 
—3.67ł 0.33 —0.09ł 0.01 






















*Values are given as difference in octaves from 
normal. 
tSignificantly different from zero (P < .05). 


result, less information is obtained 
from this test. 

In this study, we found that the 
pattern of visual development in pa- 
tients with ROP differed significantly 
depending on the severity of the condi- 
tion. In group 1, with no or minimal 
change in the posterior pole, the pat- 
tern of visual development was almost 
parallel to normal development. How- 
ever, certain patients showed subnor- 
mal visual development, ranging up to 
2 octaves below normal acuity. There 
are reports of higher incidence of am- 
blyopia and strabismus in premature 
infants compared with subjects with 
normal birth weight.*” These results 
may be attributable either to the visual 
development delay due to prematurity 
or to moderate anatomic changes in the 
macula, such as macular ectopia due to 
ROP. We stress periodic monitoring of 
visual acuity even in these subjects 
with no or moderate ROP because of 
subnormal visual development. Luna 
et al” reported that patients with re- 
gressed ROP showed generally good 
visual development, but a delay was 
found in those with a history of intra- 
ventricular hemorrhage and/or peri- 
ventricular leukomalacia. 
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In group 2, the visual acuity varied 
widely from a relatively good acuity 
(1.0 octave below normal) to almost 
20/3200. The visual acuity seemed to 
correlate with fundus appearances, ie, 
when macular displacement was se- 
vere, forming a tight retinal fold into 
which major retinal vessels were 
drawn, the PL acuity was always poor. 
Because of the small number of pa- 
tients in this group, we could not sta- 
tistically correlate visual acuity with 
the degree of retinal displacement, but 
this will be important to study in the 
future. It is noteworthy that in this 
group, even with reduced visual acu- 
ity, the patients’ visual development 
showed an improvement comparable 
with that of normal subjects. This un- 
derscores the importance of cryothera- 
py to threshold stage 3 ROP,” because 
when the retina stays attached, visual 
acuity development can be expected in 
a large percentage of patients from 
this group. 

In group 3, the rate of the develop- 
ment of visual acuity was slower than 
that in normal subjects and even in 
subjects with less severe ROP, possi- 
bly due to the severe retinal impair- 
ment in stage 5 ROP. The recovery of 
visual function in stage 5 ROP is gen- 
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them. They can ride bicycles around 
the house or recognize moving traffic. 

The efficacy of optical correction, 
especially in group 3, is not known. 
Although we did not have a control 
group in whom optical correction was 
not made, those patients in groups 2 
and 3 who showed significant improve- 
ment were those who had optical cor- 
rection very early, at 6 to 8 months of 
age. Early optical correction in those 
severely impaired subjects seemed es- 
sential for visual development, espe- 
cially in group 3 patients. 

It is important in every patient with 
ROP to monitor the visual acuity peri- 
odically. It is more helpful if the abso- 
lute acuity and the deviation from age- 
adjusted normal values are calculated. 
When disruption of development is ob- 
served, as in group 3, the cause must 
be determined. 
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Vitreous Surgery for Retinal Detachment Associated With 


Choroidal Coloboma 


H. Richard McDonald, MD; Hilel Lewis, MD; Gary Brown, MD; Jack O. Sipperley, MD 


e We report the results of vitreous 
surgery in seven eyes with retinal de- 
tachments caused by retinal breaks at 
the margin of, or within, a choroidal colo- 
boma. All seven eyes (100%) were reat- 
tached; visual acuities in five (71%) of 
the seven eyes improved from preoper- 
ative levels. Vitrectomy was combined 
with air-fluid exchange and endodrain- 
age through preexisting retinal breaks or 
planned retinotomies in all but one of the 
cases. Part or all of the rim of the choroi- 
dal coloboma in six eyes underwent en- 
dophotocoagulation. The two eyes that 
did not experience postoperative visual 
improvement underwent intraoperative 
endolaser treatment 360° around the op- 
tic nerve. If peripapillary endophotocoa- 
gulation is performed, especially through 
the papillomacular bundle, nerve fiber 
damage may occur and prevent visual 
recovery, despite retinal reattachment. 
For eyes with retinal detachment associ- 
ated with choroidal colobomas involving 
the optic nerve, postoperative laser treat- 
ment through the papillomacular bundle 
may be preferable. 

(Arch Ophthalmol. 
1402) 
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oloboma of the choroid is a rare 
condition caused by faulty closure 
of the embryonic fissure. Thin, hypo- 
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plastic retinal tissue overlies an area of 
absent uveal tissue and pigment epi- 
thelium.'’ Retinal detachment is asso- 
ciated with choroidal colobomas’*” in 
an estimated 40% of cases.*” Previous 
series have described poor surgical re- 
sults using scleral buckling for the 
treatment of retinal detachment asso- 
ciated with choroidal coloboma.**"” We 
present herein the results in seven 
eyes that underwent vitreous surgery 
for this complicated type of retinal 
detachment. 


MATERIALS AND METHODS 


We reviewed the medical records of sev- 
en consecutive patients operated on for 
retinal detachment associated with choroi- 
dal coloboma. The review included the fol- 
lowing demographic and ophthalmologic 
data: age, gender, date of coloboma diagno- 
sis, date of retinal detachment diagnosis, 
best corrected visual acuity, type and ex- 
tent of retinal detachment, number and 
location of retinal breaks, and location and 
extent of choroidal coloboma. Intraopera- 
tive findings recorded included type and 
extent of retinal detachment, location or 
extent of choroidal coloboma, number and 
location of retinal breaks with respect to 
the choroidal coloboma, method and loca- 
tion used to drain subretinal fluid, type of 
chorioretinal adhesion applied, and type of 
retinal tamponade used. 

We followed up all patients, and reviewed 
the best corrected visual acuity, anterior 
and posterior segment findings, fundus 
drawings, and color photographs as they 
became available. 

All but one patient (case 3) underwent 
pars plana vitrectomy using a bimanual, 
three-port technique. Vitreous gel was ex- 
cised centrally, and, when no posterior vit- 
reous detachment existed, the posterior 
hyaloid face was engaged and removed from 
the retinal surface. In eyes that underwent 
pars plana lensectomy, the vitreous base 
was trimmed using 360° scleral depression. 


One patient (case 3) underwent an open-sky 
vitrectomy, followed by a penetrating kera- 
toplasty. In the eye in which previous sur- 
gery failed owing to proliferative vitreore- 
tinopathy, epiretinal membranes were 
engaged with a bent-tipped microoctreo- 
retinal blade and stripped from the retinal 
surface. Four eyes had encircling scleral 
buckles placed. 

In each patient (except case 3, in which 
no subretinal fluid was drained), simulta- 
neous air-fluid exchange and endodrainage 
was performed. An attempt was made in 
each case to drain through the retinal break 
at the margin of, or within, the choroidal 
coloboma. If this maneuver did not result in 
total retinal attachment, endodiathermy 
was performed to create another endodrain- 
age retinotomy, through which subretinal 
fluid was drained to totally reattach the 
retina. 

In eyes that underwent endophotocoagu- 
lation, light laser treatment was adminis- 
tered in two rows around the coloboma. 
Cryotherapy was administered in two eyes 
having breaks at the margin of the choroi- 
dal coloboma. 

Postoperative retinal tamponade was 
achieved by exchanging air for 20% sulfa- 
hexafluoride (SF,), or 20% perfluoropro- 
pane. Patients were placed in a prone posi- 
tion for up to 1 week after surgery. 


RESULTS 


Seven eyes with choroidal coloboma 
and retinal detachment caused by reti- 
nal breaks at the edge of, or within, 
the coloboma were treated with vitre- 
ous surgery and adjunct surgical ma- 
neuvers (Table), and followed up for 4 
to 24 months; median follow-up was 10 
months. Five patients were female and 
two were male. At the time of surgery, 
ages ranged from 7 to 45 years; median 
age was 15 years. The site of the 
colobomas in relation to the optic nerve 
and the macula are shown in the Table. 
The colobomas involved the optic 
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Results of Surgery in Eyes With Choroidal Colobomas and Retinal Detachments Caused by Breaks at the Margin or 
Within the Coloboma* 


Race/ 

Patient Sex/ 
No. Age, y 
B/F/14 


Retinal Break / 
Coloboma Position 
Coloboma involves 
disc, PMB; two 
breaks within 
coloboma 
Coloboma inferior to 
disc; break within 
coloboma 
Coloboma involves 
disc; break of supe- 
rior edge of 
coloboma 
Coloboma inferior to 
disc; break within 
coloboma 


W/F/45 


W/F/15 


W/F/16 Coloboma inferotempo- 
ral to disc, extends 
to inferior edge of 
macula; break within 


coloboma 
Coloboma involves 
disc; two breaks 
within coloboma 
Coloboma involves 
disc, bisects fovea; 
break within 
coloboma 


H/M/24 


Preoperative 


Postoperative 
Visual 
Acuity 


Visual 
Acuity Surgery 
1. V, M, AFX Laser, 
SF6 
2. L, V, M, AFX, 
SB C.F, (20%) 
V, SB, AFX 
(20%) 


PKP, V, C, SF, 
(20%) 


20/400 


V, SB, AFX, SFs, 
C, Laser (20%) 


20/200 


V, AFX, Laser 
CaF, (20%) 


20/160 


V, M, AFX, Laser, 
CFs (20%) 


V, AFX, Laser 
CFs (20%) 


20/300 


Attached 


Attached 


Attached 


Attached 


Attached 


Attached 


Attached 


Anatomic Follow-up, 


Result mo Comment 


Poor vision before reti- 
nal detachment, la- 
ser treatment 
through PMB 


Macula on retinal de- 
tachment 


Open-sky V; no subreti- 
nal fluid drainage 
performed 


Superonasal retinotomy 
performed to drain 
residual subretinal 
fluid 

Previous failed SB; no 


laser treatment 
through PMB 


Laser treatment 360° 
around coloboma, 
including PMB 

Coloboma bisected 
fovea; no laser treat- 
ment to fovea 





*V indicates vitrectomy; M, membranectomy; L, lensectomy; AFX, air-fluid exchange; laser, endolaser treatment; C, cryotherapy; SB, scleral buckle; C,F,, perfluoro- 
propane; SF,, sulfa hexafluoride; CF, counting fingers; HM, hand movements; B, black, H, Hispanic; PMB, papillomacular bundle; X, retinal break; and PKP, penetrating 


keratoplasty. 


nerve in four eyes, and were inferior to 
the disc in the other three. 

The retinas in all seven eyes (100%) 
undergoing vitrectomy were complete- 
ly reattached. Five (71%) of the seven 
eyes improved visually after surgery, 
achieving 20/400 or better vision. Two 
eyes, both with hand movements vi- 
sion before surgery, failed to improve 
after surgery. 


COMMENT 


Retinal detachments associated with 
choroidal coloboma often occur in 
young patients,*™* and comprise ap- 
proximately 0.5% of all juvenile retinal 
detachments.™® Retinal detachment 
may occur in eyes with choroidal colo- 
bomas because of retinal breaks out- 
side the area of the coloboma, at the 
margin of the coloboma, or overlying 
the coloboma. Eyes with retinal breaks 
and retinal detachment outside the 
area of the coloboma are best treated 
with conventional scleral buckling 
techniques.’ Eyes with breaks at the 
margin of the coloboma or with breaks 
in the anomalous, diaphanous retinal 
tissue comprising the intercalary mem- 
brane within the coloboma present a 
more complex surgical challenge. 

Breaks within the coloboma are in- 
variably round or oval. It is uncertain 
whether they are related to vitreore- 
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tinal traction. The retinal detachments 
occurring with these breaks are proba- 
bly related to vitreous liquefaction and 
progressive accumulation of subretinal 
fluid that passes over the edge of the 
coloboma. Eyes with retinal detach- 
ment and no discernible breaks are 
presumed to have breaks in the inter- 
calary membrane overlying the depig- 
mented area of the coloboma. In eyes 
with colobomatous involvement of the 
optic disc, fluid may enter the subre- 
tinal space through defects in the optic 
nerve tissue. 

Because breaks within the intercala- 
ry membrane overlie depigmented tis- 
sue, it is impossible to create a sur- 
rounding chorioretinal adhesion using 
cryotherapy or laser photocoagulation. 
Techniques of scleral buckling have, 
therefore, been directed at placing ra- 
dial buckling elements and creating 
chorioretinal adhesions at the margins 
of the coloboma.’’"*" These radial 
scleral buckles have been placed along 
one or both edges of the coloboma, 
depending on which side has a contigu- 
ous area of retinal detachment.’ The 
radial elements have been extended 
posteriorly to the optic nerve in cases 
of large colobomas.’ These techniques 
are cumbersome and have resulted in 
poor anatomic success rates, ranging 
from 35% to 57%.°*"" 
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Gonvers” used pars plana vitrec- 
tomy in an eye with recurrent retinal 
detachments and choroidal coloboma. 
No retinal break was observed in this 
eye, but the retina was reattached 
after vitrectomy, silicone oil injection, 
and the panretinal photocoagulation. 
Michels and coworkers’ also advocated 
vitreous surgery to treat retinal de- 
tachment associated with choroidal 
coloboma. 

In our series, seven eyes underwent 
vitrectomy with varying adjunctive 
surgical procedures including lensec- 
tomy, membrane peeling, scleral buck- 
ling, air-fluid exchange, cryotherapy, 
and endolaser photocoagulation (Ta- 
ble). Postoperative retinal tamponade 
was accomplished with 20% perfluoro- 
propane or 20% SF,, combined with 
prone positioning. All seven eyes 
(100%) were reattached, although two 
eyes underwent surgery more than 
once. Of the two eyes needing reopera- 
tion, one had developed proliferative 
vitreoretinopathy and recurrent reti- 
nal detachment (case 1). The other eye 
(case 5) had undergone unsuccessful 
scleral buckling alone prior to vitrec- 
tomy. Visual acuities in five (71%) of 
the seven eyes improved from preop- 
erative levels to 20/400 or better. 

Care must be taken when treating 
around choroidal colobomas that in- 
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Case 1. Top left, Bullous retinal detachment associated with choroidal 
coloboma involving optic nerve. Top right, The retinal detachment has 
been caused by two oval retinal breaks (arrows) within the choroidal 
coloboma. Bottom right, Postoperative photograph showing attached 
retina with laser treatment surrounding choroidal coloboma. Vision did 


not improve beyond hand motions. 


clude the optic nerve. Treatment of 


attached retina around the nerve, es- 
pecially in the papillomacular bundle, 
can result in nerve fiber layer damage 
(Figure). After intraoperative retinal 
reattachment with air-fluid exchange, 
endolaser photocoagulation should not 
be carried through the papillomacular 
bundle or the nerve fiber layer; de- 
struction may prevent visual recovery 
despite a successful anatomic result.’ 
In our series, four eyes had choroidal 
colobomas involving the optic nerve. 
In two of these eyes, intraoperative 
laser treatment was administered to 
the entire margin of retinal pigment 
epithelium surrounding the coloboma. 
Visual acuity in these two eyes failed 
to improve, remaining at the hand 
movements level despite successful 
retinal reattachment. In both eyes, the 
vision before retinal detachment was 
poor, but it was believed to be better 
than it was after retinal surgery. In 
one of these patients (case 6), the 
possibility of amblyopia could not en- 
tirely be ruled out, but was not consid- 
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ered to be significantly responsible for 
the visual deficit. In both eyes, efforts 
were taken to create mild lesions with 
low-intensity laser treatment. It 
seems prudent to treat such eyes post- 
operatively with krypton laser, when 
the uptake primarily involves the cho- 
roid and retinal pigment epithelium, 
and when greater accuracy in titrating 
laser uptake is possible. This may be 
difficult through a gas bubble, howev- 
er, and we recommend waiting until 
the gas resorbs enough to give an 
unobstructed view of the papillomacu- 
lar bundle. 

One eye with retinal detachment and 
a coloboma involving the optic nerve 
underwent intraoperative laser treat- 
ment around the optic nerve, but the 
papillomacular bundle was left un- 
treated (case 7). This eye was success- 
fully reattached and recovered a visual 
acuity of 20/300. Indeed, this eye re- 
ceived no postoperative laser treat- 
ment through the papillomacular bun- 
dle, but remained attached for 7 
months after surgery. This case calls 








into question the necessity of ever 
treating through the papillomacular 
bundle and, at the very least, speaks 
against treating through the papillo- 
macular bundle with the endolaser at 
the time of surgery. 

The fourth eye with retinal detach- 
ment and a coloboma involving the disc 
received focal cryotherapy to a break 
at the margin of the coloboma (case 5). 
This eye had sclerocornea and mi- 
crophthalmos, and underwent open- 
sky vitrectomy combined with pene- 
trating keratoplasty and injection of 
20% SF,. This retina achieved a visual 
acuity of 20/400 and has remained at- 
tached for 4 months. Patient 4 had a 
coloboma that did not involve the optic 
nerve, but extended close to the fovea. 
Endolaser treatment and cryotherapy 
were administered around the colo- 
boma, except in the area of the fovea. 
Endolaser treatment was delivered 
through a shallow, detached retina by 
pushing it down toward the underlying 
retinal pigment epithelium with the 
light pipe. Thus, the retinal pigment 
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epithelium was burned, but the overly- 
ing retina did not receive intensive 
laser lesions. The retina has remained 
attached for 6 months. 

Silicone oil has been used as a post- 
operative retinal tamponade for eyes 
with retinal detachment and choroidal 
coloboma.” However, the goal of chor- 
ioretinal adhesion around the coloboma 
can be achieved in approximately 1 
week, making the use of gas, either 
SF, or perfluoropropane, adequate. In 
a patient old enough and mentally ca- 
pable enough to be positioned in a 
prone manner, a medium acting gas 
such as 20% SF, may be the ideal 
intraocular tamponade. 

The use of cyanoacrylate glue ap- 
pears to be ideally suited to eyes with 
retinal detachments created by breaks 
overlying nonpigmented tissue. Cya- 
noacrylate glue forms an immediate, 
long-lasting, strong adhesion between 
the retina and the pigment epithelium 
and may obviate the need for endolaser 
photocoagulation. ™® The glue can be 
applied to the attached retina in an air- 
filled or silicone-filled eye. It has been 
our experience, however, that com- 
plete retinal flattening with endodrain- 
age through the anomalous retinal tis- 
sue overlying a choroidal coloboma is 
difficult and may result in a thin layer 


of residual subretinal fluid at the drain- 
age site that may prevent effective 
cyanoacrylate glue administration. As 
experience with cyanoacrylate glue in- 
creases, it may become a useful ad- 
junct to vitreous surgery for eyes with 
retinal detachment associated with 
choroidal coloboma, especially in those 
eyes in which the coloboma involves 
the optic nerve, and endolaser treat- 
ment around the disc may create nerve 
fiber destruction. 

Based on our experience, we believe 
that vitrectomy, in combination with 
air-fluid exchange, endophotocoagula- 
tion, and gas injection, is an effective 
technique for treating retinal detach- 
ment associated with choroidal colo- 
boma. Other surgical adjuncts, includ- 
ing cyanoacrylate glue, scleral 
buckling, and long-acting retinal tam- 
ponade, may be used with vitrectomy 
to achieve anatomic success. 
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Blind Spot Enlargement as a Manifestation 
of Multifocal Choroiditis 


K. David Khorram, MD; Lee M. Jampol, MD; Michael A. Rosenberg, MD 


è Enlargement of the blind spot with- 
out optic disc edema has been reported 
in patients with no other ocular findings 
(acute idiopathic blind spot enlargement) 
and in patients with multiple evanescent 
white dot syndrome. We describe three 
patients with multifocal choroiditis who 
developed acute symptomatic enlarge- 
ment of the blind spot. All three patients 
were young women in excellent health. 
During the course of the blind spot en- 
largement, the appearance of the optic 
nerve remained normal. We demonstrate 
that acute enlargement of the blind spot 
without disc edema occurs in patients 
with multifocal choroiditis. This enlarge- 
ment is likely due to peripapillary retinal 
dysfunction. We speculate on the associ- 
ation of multifocal choroiditis with acute 
idiopathic blind spot enlargement and 
multiple evanescent white dot syndrome. 

(Arch Ophthalmol. 1991;109:1403- 
1407) 


E nlargement of the blind spot occurs 

with dise swelling, whether the 
swelling is due to increased intracrani- 
al pressure, inflammation, or unknown 
causes.’ The presumed mechanism of 
this enlargement is compromise of the 
function of peripapillary photorecep- 
tors caused by swelling of the disc 
tissue. In 1988, Fletcher et al de- 
scribed seven patients with acute 
symptomatic enlargement of the blind 
spot without disc edema or other dise 
or retinal abnormalities. They called 
this syndrome acute idiopathic blind 
spot enlargement (AIBSE), and sug- 
gested that the enlarged blind spot 
was a retinal phenomenon rather than 
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a disruption of optic nerve function. 
Later, Hamed and coworkers*’ pro- 
posed that the enlargement of the 
blind spot in these patients was part of 
the multiple evanescent white dot syn- 
drome (MEWDS), rather than a sepa- 
rate and distinct entity. Enlarged 
blind spot, with or without optic nerve 
swelling, is well described in patients 
with MEWDS.° We describe three 
cases of acute enlargement of the blind 
spot without disce edema in patients 
with multifocal choroiditis, and we 
speculate on the relationship of these 
changes to AIBSE and MEWDS. 


REPORT OF CASES 


CASE 1.—A 23-year-old white woman 
experiencing photopsias and paracentral 
scotomas in the right eye for 1 month 
presented on May 3, 1988. She was in 
excellent health and was taking no medica- 
tion. Visual acuity was 20/25 OD and 20/20 
OS. There were no vitreous cells. Ophthal- 
moscopic examination showed several para- 
central foci of subacute choroiditis in the 
right eye. No lesions were visible in the left 
eye. Fluorescein angiography of the right 
eye showed four to five macular lesions that 
stained. The left eye showed a lesion infer- 
onasal to the dise and one macular lesion. 
The patient started receiving oral cortico- 
steroids. Three weeks later, the photopsias 
had resolved, but residual paracentral sco- 
tomas remained in the right eye. Fluoresce- 
in angiography showed shrinkage of some of 
the spots in the right macular area. The 
corticosteroid therapy was tapered off by 
June 6, 1988. 

On August 4, 1988, she presented with a 
1-month recurrence of photopsias in the 
right eye. Her visual acuity was normal, 
and no anterior chamber or vitreous cells 
were noted. Fundus examination of the 
right eye showed several gray lesions of the 
choroid-retinal pigment epithelium (RPE). 
There were three to four major lesions 
around the fovea and several smaller lesions 
away from the fovea. In the midperiphery, 
there was a series of tiny spots, some 
hyperpigmented and some hypopigmented. 
In the left eye, there was one tiny hypopig- 


mented spot just inferonasal to the fovea 
and another spot inferonasal to the disc. 
The periphery was normal. Fluorescein an- 
giography showed some staining of the le- 
sions in both eyes with very little leakage. 

On November 8, 1988, she noted flashing 
lights in the left eye for the first time. A 
few new spots were noted in the nasal 
fundus of the left eye. The prominent spot 
inferonasal to the disc appeared unchanged. 
Two weeks later, on November 23, 1988, 
she noted an increase in the blind spot of 
the left eye. Visual acuity was 20/25 OD and 
20/30 OS. Color vision testing by Hardy- 
Rand-Rittler isochromatic plates was in- 
tact. The pupils were round and reactive, 
with no afferent pupillary defect. Anterior 
chamber and vitreous cells were absent. 
Examination of the left eye indicated that 
the lesions inferonasal to the fovea and the 
disc appeared slightly larger than on the 
previous examination. The lesions in the 
nasal fundus had faded. Fluorescein angiog- 
raphy showed the macular lesion to be 
inactive. The lesion near the dise showed 
staining; however, the dise itself was nor- 
mal (Fig 1). Goldmann visual field examina- 
tion of the left eye showed an absolute 
scotoma centered on the blind spot with 
very steep borders (Fig 2). The patient 
started receiving oral corticosteroid thera- 
py, which was discontinued within 1 month. 

On February 1, 1989, the symptoms in 
the left eye had resolved and visual acuity 
was 20/20 OU. Fundus examination showed 
fewer lesions, but persistence of the macu- 
lar and peripapillary lesions. Goldmann vi- 
sual field examination showed diminution of 
the blind spot enlargement. 

On June 21, 1989, she presented with a 
recurrence of photopsias and paracentral 
scotomas in the right eye that responded to 
a short course of systemic corticosteroid 
therapy. She had no symptoms in the left 
eye. Goldmann visual field examination 
showed further decrease in the left en- 
larged blind spot (Fig 2). 

CASE 2.—A 23-year-old white woman 
was seen on February 5, 1990, complaining 
of blurred vision in the right eye for 10 
days. Her general health was excellent. 
Best corrected visual acuity was counting 
fingers in the right eye and 20/20 OS. An 
afferent pupillary defect was seen in the 
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Fig 1.—Case 1. Fundus photograph (left) and fluorescein angiogram (right) of the left eye at the time of the acute blind spot 
enlargement. Choroiditis is seen near the disc, with no other disc or peripapillary abnormalities. The remainder of the fundus 
showed lesions typical of multifocal choroiditis. 


right eye. Ophthalmoscopic examination of 
the right eye showed vitreous cells and 
„multiple white choroidal RPE lesions con- 
fined to the posterior pole, with a large 
gray-white thickened area with neurosenso- 
ry retinal elevation encompassing the fo- 
vea. The left eye was normal. The patient 
started receiving oral corticosteroid thera- 
py, which was discontinued by March 12, 
1990. 

On June 4, 1990, she returned with no 
new complaints. Visual acuity was counting 
fingers in the right eye and 20/20 OS. The 
right eye showed a few vitreous cells. The 
number of choroid-RPE lesions had dimin- 
ished. The macula showed pigmentary 
changes and subretinal fibrosis. The left eye 
showed no vitreous cells; however, there 
were numerous, white, deep lesions in the 
posterior pole. The disc was normal. Fluo- 
rescein angiography of the left eye showed 
early hyperfluorescence with late staining 
scattered throughout the posterior pole. 
Late views of the right eye showed staining 
of the subretinal scars in the posterior pole. 

On September 25, 1990, she returned, 
stating that at the end of July she had 
experienced a central scotoma in the left 
eye that was treated with a course of oral 
corticosteroids. She had now stopped tak- 
ing the corticosteroid therapy for 2 weeks 
and was without symptoms. Her examina- 
tion results were unchanged. 

On September 28, 1990, she complained 
of a temporal scotoma in the left eye. Visual 
acuity was counting fingers in the right eye 
and 20/20 OS. Results of examination of the 
right eye were unchanged. The left eye 
showed multiple, white, posterior lesions at 
the level of the RPE. The dise was normal 
without elevation or hyperemia. The pa- 
tient resumed taking oral corticosteroids. 

On October 25, 1990, she returned with 
no change in her complaints or in her exami- 
nation results. Goldmann visual field exami- 
nation of the left eye showed an enlarged 
absolute blind spot with a surrounding de- 
pression in an inferior arcuate pattern (Fig 
2). A fluorescein angiogram obtained on 
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December 18, 1990, showed multiple win- 
dow defects in the macula of the left eye. 
The dise was normal with no staining (Fig 
3). 

On January 23, 1991, the patient had 
decreased symptoms and results of the oph- 
thalmoscopic examination were unchanged. 
Goldmann visual field examination conduct- 
ed 6 weeks later showed decrease in the 
size of the enlarged left blind spot (Fig 2). 

CASE 3.—A 35-year-old white woman 
presented on February 10, 1988, with com- 
plaints of paracentral scotomas in the right 
eye and metamorphopsia in both eyes. She 
was healthy, but was taking multivitamins, 
vitamins C and E, selenium, and zinc. Her 
ocular history included high myopia 
(—10.00 OU). 

Her visual acuity was 20/30 OD and 20/25 
OS. Results of external and slit-lamp ex- 
aminations, and intraocular pressures were 
all normal. Ophthalmoscopic examination of 
the right eye revealed a tilted dise with 
peripapillary pigment atrophy. The macula 
showed multiple discrete areas of RPE 
atrophy. The vasculature and periphery 
were normal. The left eye showed a tilted 
dise with peripapillary pigment atrophy. 
The macula showed very slight pigment 
mottling. The vessels and periphery were 
normal. Fluorescein angiography was per- 
formed and showed window defects in the 
macular region of the right eye. No area 
suggestive of subretinal neovascularization 
was detected. There was transmission hy- 
perfluorescence around the dise corre- 
sponding to the peripapillary pigment atro- 
phy. Late views of the left eye showed 
normal findings, with the exception of the 
transmission hyperfluorescence around the 
dise. 

The patients examination results re- 
mained unchanged until December 21, 1988, 
when she presented with a scotoma in the 
right eye with floaters and photopsias. The 
left eye was asymptomatic. Visual acuity 
was 20/20 OU. Pupils, slit-lamp examina- 
tion results, and intraocular pressure re- 
mained normal. Ophthalmoscopic examina- 
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tion of the right eye showed the previous 
atrophic lesions in the macula. However, 
there was some subneurosensory fluid just 
inferior to the fovea. The left eye was 
unchanged. Fluorescein angiography of the 
right eye again showed multiple window 
defects and areas of pigment clumping. 
There was leakage from one area inferona- 
sal to the fovea that filled the neurosensory 
detachment (Fig 4). On January 19, 1989, 
the visual acuity was 20/20 OD and 20/25 
OS. In the right eye, the subretinal fluid 
had resolved completely and the leaking 
lesion appeared atrophic. 

On June 29, 1989, the patient returned 
with another bout of active choroiditis in 
the right eye, with a neurosensory retinal 
detachment. She was treated with oral cor- 
ticosteroids, with resolution of the choroidi- 
tis within 1 week. 

She was followed up every 6 months, 
without any activity in either eye until 
January 17, 1991, when she presented with 
a 10-day history of a scotoma in the tempo- 
ral visual field of the right eye. The visual 
acuity was 20/20 OU. There was no afferent 
pupillary defect. Slit-lamp examination 
showed only rare cells in the anterior cham- 
ber of both eyes. Intraocular pressure was 
normal. Ophthalmoscopic examination of 
the right eye showed no dise edema or 
hyperemia. The macular area again showed 
multiple atrophic lesions with no evidence 
of activity. The left eye was unchanged. 
Goldmann visual field testing showed an 
enlarged, absolute blind spot with sloped 
borders and a small paracentral scotoma 
(Fig 2). The visual field of the left eye was 
normal. Examination 6 weeks later showed 
decreased symptoms and a significant de- 
crease in the enlarged right blind spot (Fig 
2). 


COMMENT 


Acute symptomatic enlargement of 
the blind spot without optic disc edema 
or other retinal or disc abnormalities 
was reported in seven patients by 
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Fig 2.—Goldmann visual fields in three patients with multifocal choroiditis who demonstrated 
acute symptomatic enlargement of the blind spot (left). There were no ophthalmoscopic disc 
abnormalities or peripapillary disturbances to account for the enlarged blind spots. All three 
patients showed eventual diminution of the blind spot enlargement (right). 


Fletcher et al’ in 1988. These patients 
were typically young women who pre- 
sented with scotomas or blurriness in 
the temporal visual field. Other symp- 
toms included intermittent positive vi- 
sual phenomena, including photopsias 
and white halos. The patients had nor- 
mal visual acuities, color vision, pupil- 
lary responses, and ophthalmoscopic 
and fluorescein angiographic examina- 
tion results. Visual field examinations 
showed an absolute scotoma with steep 
borders centered on the physiologic 
blind spot. Gradual clearing of symp- 
toms over 2 to 3 months was typical in 
all patients and repeated visual field 
examinations within 1 year showed 
normal blind spots. On the basis of the 
clinical findings and corroborative evi- 
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dence from multifocal electroretino- 
grams, the authors proposed that the 
enlargement of the blind spot was due 
not to optic nerve disease, but to cir- 
cumpapillary retinal dysfunction. The 
authors termed this entity AIBSE. 
Bregeat had previously described 
several patients with enlarged blind 
spots, but they differed from those of 
Fletcher et al’ in that the enlarged 
blind spots had gently sloping borders 
and no visual symptoms. Chamlin and 
Davidoff and de Schweinitz* also 
claimed that the blind spot could show 
slight enlargement before the onset of 
papilledema. In contrast to the pa- 
tients described by Fletcher et al, the 
enlargement of the blind spot was a 
relative, and not an absolute scotoma, 


and all patients eventually developed 
papilledema. 

Enlargement of the blind spot has 
been reported in patients with 
MEWDS.”***” In many of these cases 
the “enlargement variably persisted 
after the characteristic white dot le- 
sions in the fundus had resolved or 
become barely perceptible.” In 1989, 
Hamed et al’ described two patients 
with MEWDS, who, despite the reso- 
lution of the ophthalmoscopic findings, 
had protracted blind spot enlargement 
and photopsias. They reviewed the 
published cases of MEWDS and found 
certain features common to MEWDS 
and the patients described by Fletcher 
et al, namely, a predilection for young 
women, the presence of scotomas and 
photopsias, occasional recurrences and 
bilaterality, electroretinographic ab- 
normalities, and eventual resolution 
within months. Hamed et al pointed 
out that had their two patients not 
been examined during the acute stages 
of MEWDS, they would have present- 
ed with a clinical picture identical to 
the AIBSE described by Fletcher and 
coworkers. Hamed et al’ proposed that 
“the patients with acute blind spot 
enlargement but without optic disc 
edema or ophthalmoscopic abnormali- 
ties described by Fletcher et al repre- 
sent a variation in the clinical profile or 
temporal evolution of MEWDS,” and 
not a separate entity. They further 
suggested that the tendency to pro- 
duce an enlarged blind spot may be 
explained by the propensity of the 
white dot lesions to be tightly grouped 
in the juxtapapillary area. They point- 
ed out that to be classified as a sepa- 
rate syndrome unrelated to MEWDS, 
cases of AIBSE should have documen- 
tation of normal ophthalmoscopie and 
angiographic examination results dur- 
ing the acute stage of the illness. Dod- 
well et al’ also documented enlarged 
blind spots in patients with or without 
dise edema from MEWDS. They did 
not note peripapillary lesions, and the 
reason for the blind spot enlargement 
was unclear. 

Beginning with a report of two cases 
by Nozik and Dorsch" in 1973, a num- 
ber of authors have described the char- 
acteristics of patients with multifocal 
choroiditis. The findings in these pa- 
tients have been variously called 
multifocal choroiditis with uveitis, 
inflammatory pseudohistoplasmosis, 
punctate inner choroidopathy, and pro- 
gressive subretinal fibrosis.” It is 
presently unclear whether these cases 
represent a single entity with variable 
clinical courses or multiple diseases. 
The patients described are typically 
young, healthy women who present 
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Fig 3.—Case 2. Fundus photograph (left) and fluorescein angiogram (right) of the left eye, showing multiple window defects 
in the posterior pole, typical of multifocal choroiditis. These pictures were taken 2 months after the patient presented with 
acute symptomatic enlargement of the blind spot in the left eye, with no fundus abnormalities other than those shown. 





Fig 4.—Case 3. Fundus photograph (left) and fluorescein angiogram (right) of the right eye, demonstrating a peripapillary 
myopic crescent and a tilted disc as well as window defects typical of multifocal choroiditis. The appearance of the fundus 
did not change during the acute blind spot enlargement. 


with blurred vision, scotomas, and 
photopsias. Variable amounts of ante- 
rior chamber and vitreous inflamma- 
tion are seen. The ophthalmoscopic 
examinations show several to several 
hundred lesions, typically 200 um in 
size, at the level of the RPE and 
choriocapillaris. The lesions are most 
often located in the posterior pole, but 
may also be seen in the midperiphery 
and periphery. With time they may 
disappear, or, more commonly, be- 
come atrophic and punched-out, often 
with surrounding pigmentation. 
Acutely, the fluorescein angiograms 
show early hyperfluorescence of the 
lesions with late leakage, although 
some of the lesions may hypofluoresce. 
It is common for more lesions to be 
visible on fluorescein angiography than 
on the ophthalmoscopic examination. 
The old lesions may show staining. 
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Electroretinographic results may 
range from completely normal to se- 
verely abnormal. The choroiditis usu- 
ally affects both eyes, although the 
symptoms are not often simultaneous 
or equal in the two eyes. Recurrences 
are common, and there is a variable 
response to corticosteroid therapy. 

A number of other findings may also 
be seen with multifocal choroiditis. Se- 
rous retinal detachments over the le- 


sions,” choroidal neovasculariza- 
tion,’ cystoid macular edema," 


and subretinal fibrosis*™ are frequent- 


ly noted. There have been reports of 


perivascular infiltrates,” periphlebi- 
tis,” and neovascularization of the dise 
and elsewhere." 

Of particular interest to us are the 
dise findings reported. These include 
peripapillary RPE disruption” or scar- 
ring and mild dise edema with leak- 
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age," both of which are seen fre- 
quently. There have also been reports 
of lesions adjacent to the disc," 
mild pallor of the disc with narrowing 
of vessels," peripapillary choroidal 
neovascularization,” peripapillary fi- 
brosis,“ and peripapillary retinal de- 
tachment.” The causes of multifocal 
choroiditis remain unknown. Epstein- 
Barr virus has been implicated in a 
number of cases.” 

In the vast majority of reported 
cases of multifocal choroiditis, no visu- 
al fields were obtained. In the initial 
report by Nozik and Dorsch,” both 
patients had normal visual fields. 
Watzke et al,” in their series of 10 
patients, performed four visual field 
examinations, all of which showed rela- 
tive scotomas. They mentioned that 
one of the patients had an enlarged 
blind spot and no dise edema or peripa- 
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pillary lesions, but no discussion was 
provided. In 1985, Palestine et al” 
described a patient with multifocal 
choroiditis and subretinal fibrosis 
around the optic disc. Visual field ex- 
amination revealed a marked scotoma 
that encompassed an area somewhat 
larger than the area of the subretinal 
fibrosis. We have seen massive bilater- 
al blind spot enlargement in one pa- 
tient with multifocal choroiditis and 
peripapillary scarring. Finally, in 
1989, Folk” described nine patients 
with multifocal choroiditis (six of 
whom were previously included in the 
series reported by Watzke et al). It is 
unclear how many of these patients 
underwent visual field examinations; 
however, Folk found that despite out- 
lines of scotomas on the Amsler grid, 
Goldmann visual fields were usually 
normal centrally. Three eyes in two 
patients showed severe constrictions 
of the temporal visual field. Folk found 
that “these patients had a moderate 
number of lesions in the corresponding 
nasal fundus, but the field defect was 
more severe than expected from the 
number of lesions. In these nasal areas 
of fundus there was a subtle but dif- 
fuse atrophy of the RPE surrounding 
the discrete lesions, and perhaps indi- 
cating more widespread disease of the 
choroid and RPE. ”™ 

Although some of the disc findings 
associated with multifocal choroiditis 
such as severe peripapillary RPE dis- 
ruption or scarring, peripapillary cho- 
roidal neovascularization, and peripa- 
pillary fibrosis may result in an 
enlarged blind spot, the blind spot 
enlargement in our patients was not 
due to these changes. Patient 3 had 
preexisting tilted discs and peripapil- 
lary crescents bilaterally; however, no 
ophthalmoscopic peripapillary change 
occurred to account for the enlarge- 
ment of the blind spot. 

Our patients were similar to those 
with AIBSE described by Fletcher et 
al,’ in that the patients were young, 
healthy women with acute symptomat- 
ic enlargement of the blind spot with- 
out disc edema. Like the patients in 
their report, the blind spot enlarge- 
ment in our patient 1 was absolute, 
with very steep borders. We agree 
that this is more consistent with cir- 
cumpapillary retinal dysfunction than 
with optic nerve disease. The blind 
spot enlargement in cases 2 and 3 was 
also absolute, but without steep bor- 
ders. This may result from either reti- 
nal or optic nerve dysfunction. In case 
1, the absence of dyschromatopsia and 
an afferent pupillary defect suggests 
that the enlarged blind spot in this 
patient was not due to optic nerve 
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disease. 

Our patients, like those of Fletcher 
et al, differed from the “oedema peri- 
metrique sans oedema ophthalmoscopi- 
que” described by Bregeat’ in that the 
blind spot enlargement here was 
symptomatic. Our three cases also dif- 
fered from those described by Chamlin 
and Davidoff and de Schweinitz in 
that there was no eventual develop- 
ment of disc edema and the scotomas 
here were absolute. 

Patient 1 had one lesion of choroidi- 
tis near the disc, with some activity 
simultaneous with the onset of en- 
largement of the blind spot. However, 
the size of the lesion itself did not 
account for the extent of blind spot 
enlargement. Folk” pointed out that in 
his three patients with multifocal chor- 
oiditis and temporal visual field loss, 
the field defects were more severe 
than expected from the lesions alone, 
and noted subtle RPE atrophy sur- 
rounding the discrete lesions. The 
presence of blunted  electroretino- 
grams in some patients with multifocal 
choroiditis supports the idea that a 
more diffuse retinal dysfunction than is 
discernible by ophthalmoscopic exami- 
nation is present in some cases. 

Although both multifocal choroiditis 
and MEWDS occur in young, healthy 
women with similar presenting com- 
plaints, especially enlarged blind spots 
and photopsias, heretofore, the enti- 
ties have been considered separate 
syndromes. In general, the lesions 
seen in patients with multifocal choroi- 
ditis are larger and leave scars, where- 
as the small lesions seen in MEWDS 
are, as the name implies, transitory 
and disappear with minimal or no scar- 
ring. The macula in MEWDS often 
shows a characteristic granular pat- 
tern that has not been described with 
multifocal choroiditis. The electroreti- 
nogram, acutely abnormal and then 
recovering in many eyes with 
MEWDS, is often normal in multifocal 
choroiditis."“"""" Subretinal neovascu- 
larization is common with multifocal 
choroiditis and rare with MEWDS.” 
Recurrences are seen with both condi- 
tions. Multiple evanescent white dot 
syndrome is often unilateral, while 
multifocal choroiditis is usually eventu- 
ally bilateral. Recently, J. Donald M. 
Gass, MD (oral communication, Febru- 
ary 21, 1991), has suggested that there 
may be an overlap between MEWDS 
and multifocal choroiditis, as manifest- 
ed by possible transitional cases and 
evidence of widespread peripheral ret- 
inal functional changes in some pa- 
tients with MEWDS. This hypothesis 
remains unproven. We have clearly 
documented, however, that acute 
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symptomatic enlargement of the blind 
spot is part of the spectrum of multifo- 
cal choroiditis. 


This study was supported in part by an unre- 
stricted grant from Research to Prevent Blind- 
ness Inc, New York, NY. 


References 


1. Miller NR. The big blind spot syndrome: uni- 
lateral optic dise edema without visual loss or in- 
creased intracranial pressure. In: Smith JL, ed. 
Neuro-ophthalmology Update. New York, NY; 
Masson Publishers USA Ine; 1977:163-169. 

2. Fletcher WA, Imes RK, Goodman D, Hoyt 
WF. Acute idiopathic blind spot enlargement. Arch 
Ophthalmol. 1988;106:44-49. 

3. Hamed LA, Schatz NJ, Glaser JS, Gass JDM. 
Acute idiopathic blind spot enlargement without 
optic disc edema. Arch Ophthalmol. 1988;106:1030- 
1031. 

4. Hamed LM, Glaser JS, Gass JDM, Schatz NJ. 
Protracted enlargement of the blind spot in multi- 
ple evanescent white dot syndrome. Arch Ophthal- 
mol. 1989;107:194-198. 

5. Dodwell DG, Jampol LM, Rosenberg M, Ber- 
man A, Zaret C. Optic nerve involvement associat- 
ed with the multiple evanescent white-dot syn- 
drome. Ophthalmology. 1990;97:862-868. 

6. Bregeat P. L’Oedeme Papillaire. New York, 
NY: Masson Publishers USA Ine; 1956. 

7. Chamlin M, Davidoff L. Papilledema. Arch 
Neurol. 1952;68:213-232. 

8. De Schweinitz GE. The relation of cerebral 
decompression to the relief of the ocular manifesta- 
tions of increased intracranial tension. Ann Ophth- 
almol, 1911;20:271-284. 

9. Jampol LM, Sieving PA, Pugh D, Fishman 
GA, Gilbert H. Multiple evanescent white dot syn- 
drome, I: clinical findings. Arch Ophthalmol. 
1984;102:671-674. 

10. Aaberg TM, Campo RV, Joffe L. Recur- 
rences and bilaterality in the multiple evanescent 
white dot syndrome. Am J Ophthalmol. 
1985;100:29-37, 

11. Nakao K, Isashiki M. Multiple evanescent 
white dot syndrome. Jpn J Ophthalmol. 
1986;30:376-384. 

12. Mamalis N, Daily MJ. Multiple evanescent 
white dot syndrome: a report of eight cases. Oph- 
thalmology. 1987;94:1209-1212. 

13. Takeda M, Kimura S, Tamiya M. Acute dis- 
seminated retinal pigment epitheliopathy. Folia 
Ophthalmol Jpn. 1984;35:2613-2620. 

14. Nozik RA, Dorsch W. A new chorioretino- 
pathy associated with anterior uveitis. Am J 
Ophthalmol. 1973;76:758-762. 

15. Morgan CM, Schatz H. Recurrent multifocal 
choroiditis. Ophthalmology. 1986;93:1138-1147. 

16. Cantrill HL, Folk JC. Multifocal choroiditis 
associated with progressive subretinal fibrosis. 
Am J Ophthalmol. 1986;101:170-180, 

17. Watzke RC, Packer AJ, Folk JC, Benson 
WE, Burgess D, Ober RR. Punctate inner choroi- 
dopathy. Am J Ophthalmol. 1984;98:572-584. 

18. Doran RML, Hamilton AM. Disciform macu- 
lar degeneration in young adults. Trans Ophthal- 
mol Soc U K. 1982;102:471-480. 

19. Dreyer RF, Gass JDM. Multifocal choroidi- 
tis and panuveitis. Arch Ophthalmol. 1984; 
102:1776-1784, 

20. Palestine AG, Nussenblatt RB, Parver LM, 
Knox DL. Progressive subretinal fibrosis and uve- 
itis. Br J Ophthalmol. 1984;68:667-673. 

21. Folk JC. Punctate inner choroidopathy. In: 
Ryan SJ, ed. Retina. St Louis, Mo: CV Mosby Co; 
1989;2:679-686. 

22. Tiedeman JS. Epstein-Barr viral antibodies 
in multifocal choroiditis and panuveitis. Am J 
Ophthalmol. 1987;103:659-663. 

23. Wyhinny GJ, Jackson JL, Jampol LM, Caro 
MD. Subretinal neovascularization following multi- 
ple evanescent white-dot syndrome. Arch Ophthal- 
mol. 1990;108:1384-1385. 


1407 








Pigmented Paravenous Retinochoroidal Atrophy 


Discordant Expression in Monozygotic Twins 


Kent W. Small, MD, W. Banks Anderson, Jr, MD 


è We studied a 43-year-old woman af- 
fected with pigmented paravenous reti- 
nochoroidal atrophy and her unaffected 
monozygotic twin. The affected twin had 
stable visual acuity (20/25), typical fun- 
dus findings, markedly constricted visu- 
al fields, abnormal color vision, and an 
abnormal electroretinogram, all consis- 
tent with pigmented paravenous retino- 
choroidal atrophy. Results of examina- 
tions and studies in her twin were 
entirely normal. Fingerprinting for DNA 
performed on the twins strongly sup- 
ported monozygosity. Our findings sug- 
gest that either our patient did not inherit 
pigmented paravenous retinochoroidal 
atrophy or that an unusual (nonmende- 
lian) genetic mechanism occurred. 

(Arch Ophthalmol. 1991;109:1408- 
1410) 


Pigmented paravenous retinochoroi- 

dal atrophy (PPRCA) is a rare dis- 
order that is not well understood or 
classified. The diagnosis of PPRCA is 
established solely on the ophthalmo- 
scopic appearance of a striking distur- 
bance of the retinal pigment epitheli- 
um in a distinctly perivascular 
distribution with or without bone spic- 
ule pigmentation.“ Pigmented para- 
venous retinochoroidal atrophy proba- 
bly represents several different 
afflictions, all resulting in a similar 
funduscopic appearance. 
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Other than the typical funduscopic 
appearance, reported cases have little 
else in common. The disease has been 
described as stationary or progressive 
in children and in the elderly. Many 
patients with PPRCA were asymp- 
tomatic and found to be affected on 
routine examination, while others pre- 
sented with markedly decreased visual 
acuity, nyctalopia, or visual field de- 
fects. Electrophysiologic and psycho- 
physical testing have likewise yielded 
highly variable findings. 

Although most reports of PPRCA 
give no causes, a few researchers have 
postulated a genetic basis.**”' Support- 
ing this concept are three reports of 
the familial occurrence of PPRCA.**" 
However, most reported cases have 
been sporadic, which has led to specu- 
lations of inheritance by dominant, re- 
cessive, X-linked and even Y-linked 
modes of transmission.” It is important 
to note that these familial cases seem 
to be the exception rather than the 
rule. 


SUBJECTS AND METHODS 
Subjects 


We studied a patient with PPRCA, her 
twin, and other members of her family. 

CASE 1.—The proband (individual 1 in 
the pedigree shown in Fig 1) claimed “poor 
vision all of my life.” At age 13 years, 
during her first ocular examination she was 
told that she had a form of retinitis pigmen- 
tosa. Only on specific questioning did she 
complain of nyctalopia. Her medical history 
was unremarkable, with the usual childhood 
exanthems occurring early in life, including 
“measles” at age 2 years. Her family histo- 
ry was interesting because of an identical 
twin who seemed unaffected (Fig 1). She 
also reported a niece with “retinitis pigmen- 
tosa.” She denied any parental consan- 
guinity. 
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When examined by us at age 34 years, 
she had a best-corrected visual acuity of 
20/30 OU (with hyperopic astigmatism), in- 
traocular pressures of 14 mm Hg, a few 
cells in the anterior vitreous, and retinal 
findings typical of PPRCA. Her optic dises 
appeared normal, except for moderate peri- 
papillary atrophy, and the retinal vessels 
were questionably attenuated. Around the 
retinal vessels was a zone of absent or 
depigmented pigment epithelium and 
marked bone spicule pigment clumping that 
arborized and spread into the peripheral 
retina with the vasculature (Fig 2). Tangen- 
tial vitreous traction bands were seen in the 
peripheral part of the retina. The central 
macula was spared from the pigment distur- 
bance, but did have surface wrinkling as 
evidenced by retinal folds radiating from 
the fovea of both eyes (left eye greater than 
right eye). Visual field testing with Gold- 
mann perimetry revealed marked symmet- 
ric constriction with only a central 10° is- 
land in the left eye and a 15° island in the 
right eye remaining with the V4 isopter. 
Color vision testing also revealed mild, 
nonspecific dyschromatopsia (Ishihara 
plates for color blindness, Kanehara Shup- 
pan Co, Tokyo, Japan). 

The patient returned for regular appoint- 
ments every 4 years with little or no change 
in visual function. Her most recent exami- 
nation at age 42 years documented a visual 
acuity of 20/20 OU. Her visual fields were 
questionably 2° to 5° more constricted, but 
the rest of her examination results re- 
mained unchanged during the 9-year peri- 
od. Full-field electroretinography was per- 
formed, revealing a moderate rod-cone 
abnormality. Serum fluorescent treponemal 
antibody absorption test was unreactive. 
Blood was also collected for DNA analysis. 

CASE 2.—The unaffected identical twin 
sister of patient 1 (individual 2 in Fig 1) was 
examined by us. She had no complaints 
other than an ocular history of anisometro- 
pic amblyopia in the left eye that resulted in 
a visual acuity of 20/300 OS. She also had 
“measles” at the same time as her twin 
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Fig 1.— Pedigree showing the twins and other 
family members examined. 


sister. Her uncorrected visual acuity was 
20/20 OD and the rest of her examination 
showed normal results. Results of full-field 
electroretinography were also completely 
normal. Blood was collected for DNA 
analysis. 

CASE 3. — Because the twins’ niece (Fig 1, 
subject 202) reportedly had “retinitis pig- 
mentosa,” she was also examined by us. 
Visual acuity was 20/20 OU and results of 
ophthalmoscopy, fluorescein angiography, 
electroretinography, and visual field testing 
were all entirely normal. 

CASES 4 THROUGH 6.—Because PPRCA 
may be completely asymptomatic, the pro- 
band’s three brothers (subjects 104, 105, 
and 103 in Fig 1) were also examined by us. 
All had best-corrected visual acuity of 20/20 
and completely normal results on slit-lamp 
biomicroscopy and indirect ophthalmosco- 
py. Electroretinography and visual field 
and color vision testing were not per- 
formed. 


Methods 


Fingerprinting for DNA was done to 
determine the twin’s zygosity. The finger- 
printing protocol was commonly used by 
our molecular genetics laboratory for test- 
ing the identity of cell lines and in paternity 
testing for linkage studies.” Genomic 
DNA was extracted from peripheral leuko- 
cytes in both twins and purified, and 10 pg 
was digested with the endonuclease Hinfl 
according to the manufacturer’s recommen- 
dations. The DNA fragments created from 
this digestion were then separated in a 1% 
agarose gel by electrophoresis (25 mA per 
gel for 16 hours) and transferred to a nylon 
membrane (Gene Screen Plus, New En- 
gland Nuclear, Dupont, Wilmington, Del) 
by the method developed by Southern. The 
phage, M13, was then radiolabeled with 
phosphorus 32 by a random priming method 
and hybridized to the membrane as previ- 
ously reported. The nylon blot was then 
washed in 2x SSC for 15 minutes, followed 
by 0.1 SSC per 0.1% SDS for 15 minutes 
and exposed to radiographic film (X-Omat, 
Eastman Kodak, Rochester, NY) with an 
intensifying screen at —70 C for 16 hours. 
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Fig 2.—Left collage, Fundus photograph of the right eye showing marked pigment epithelial 
atrophy with bone spicule pigmentation in paravenous distribution. Note peripheral tangential 
retinal traction bands. Right collage, Fundus photograph of the left eye is markedly symmetrical 
with that of the right eye. 


The autoradiograph (Fig 3) demonstrated 
all alleles to be identical between the two 
samples of DNA. The results of the DNA 
fingerprinting strongly confirmed that the 
twins are monozygous. 


COMMENT 


There are three possible explana- 
tions for the twins being discordant for 
PPRCA. The first, and most intuitive- 
ly obvious, explanation is that PPRCA 
was not an inherited disorder in our 
patient. The second is that PPRCA 
was an inherited disorder but the 
twins were dizygotic. The third is that 
although PPRCA was inherited in our 
patient, the twins were monozygotic 
with marked discordant expression 
secondary to a nonmendelian mech- 
anism. 

The most easily understood explana- 
tion of our observations is that PPRCA 
was an acquired disorder in our pa- 
tient. Certainly other PPRCA cases 
have been reported that were associ- 
ated with, and were possibly due to, 
tuberculosis, syphilis, sarcoidosis, and 
rubeola.”*” Foxman et al’ clearly dem- 
onstrated this phenocopy in a patient 
who was examined during an active 
systemic rubella infection with a “mac- 
ular star exudate” that progressed 
over many years to typical PPRCA.*” 
Although our patient did have the 
“measles” at age 2 years, she did not 
have the slowly progressive decreas- 
ing visual acuity over a 30-year period 
or the cone-rod type electroretino- 
graphic abnormality observed by Fox- 
man et al.’ In a series of patients with 
PPRCA, Heckenlively and Kokame™ 
described a set of presumed monozy- 
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gotic twins who also had discordant 
expression of PPRCA. They took this 
as strong evidence that PPRCA is not 
inherited. 

The results of DNA fingerprinting 
provide very strong evidence in sup- 
port of the twins’ monozygosity. How- 
ever, we are unable to assign an exact 
probability level with confidence inter- 
vals supporting monozygosity for a 
number of reasons. Without DNA typ- 
ing of the twins’ parents (one parent is 
deceased), it is impossible to deter- 
mine which alleles are most variable. 
In addition, the polymorphism infor- 
mation content value and the allele 
frequencies are not known for this 
marker. ™™ However, with the method 
we used, most, if not all, of the bands 
represent highly polymorphic alleles 
and therefore are informative. Despite 
the inability of assigning a certain 
probability level, within the resolution 
of this technique, the twins for all 
practical purposes are genetically iden- 
tical (ie, monozygotic). 

It is possible that PPRCA was in- 
herited, but that the twins had a dis- 
cordant expression of the disease. This 
has been seen in a few other inherited 
diseases such as Weideman-Beckwith 
syndrome, Duchenne muscular dystro- 
phy, glucose-6-phosphate dehydrogen- 
ase deficiency, color blindness, tuber- 
ous sclerosis, and Aicardi syn- 
drome.“ Genetic explanations for 
such occurrences include uniparental 
disomy, uneven lyonization (skewed X- 
chromosome inactivation), transloca- 
tions, and postzygotic mutations re- 
sulting in somatic mosaicism.” Any of 
these genetic perturbations may have 
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Fig 3.—Autoradiogram of DNA fingerprinting. 
Lane 1 is affected twin; lane 2, unaffected 
twin; and lane 3, standard (A, Hindlll digest), 
here seen highly consistent with genetic iden- 
tity between lanes 1 and 2 (monozygosity). 


played a role in our patient with 
PPRCA. However, without an estab- 
lished inheritance pattern or known 
chromosomal location of the gene for 
PPRCA, pursuing these genetic mech- 
anisms would be fruitless. 
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A review of previous reports of 
PPRCA also suggests that PPRCA 
results from a wide variety of diseases. 
Even the reports of familial PPRCA 
have been controversial. Only small 
nuclear families have been reported, 
which does not permit a complete pic- 
ture of the phenotypic expression. It 
has been suggested that these familial 
cases are actually cases of Stickler or 
Wagner syndrome.”” Just as many dis- 
eases, both acquired and inherited, can 
produce the funduscopic appearance of 
retinitis pigmentosa, so also may 
PPRCA be produced. Unfortunately, 
unlike retinitis pigmentosa, so few 
cases of PPRCA have been studied 
that our understanding and classifica- 
tion of the disease is primitive and will 
probably remain so until many more 
cases are forthcoming. 
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Unilateral Acute Idiopathic Maculopathy 
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è This is a report of nine patients who 
experienced sudden, severe, unilateral 
central vision loss following a flulike 
illness. Each patient had an exudative 
detachment of the macula. All patients 
experienced a spontaneous resolution of 
the acute macular manifestations with 
near-complete recovery of vision. A char- 
acteristic “bull’s-eye” appearance in the 
macula persisted. The acute manifesta- 
tions of the disorder did not recur in any 
of the patients during the period of fol- 
low-up. The constellation of findings was 
suggestive of an inflammatory disease of 
the retinal pigment epithelium, but a spe- 
cific causative agent could not be identi- 
fied. The acute clinical and angiographic 
features, the natural course, and the re- 
sidual pigment epithelial derangement 
were not consistent with any previously 
described disorder. 

(Arch Ophthalmol. 
1416) 


1991;109:1411- 
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his is a report of a series of young 

adults who experienced sudden, se- 
vere, unilateral loss of central vision 
following a flulike illness. The loss of 
vision was secondary to an exudative 
maculopathy that was associated with 
clinical and angiographic findings that 
have not been described in any previ- 
ously reported disorder, to our knowl- 
edge. The natural course of this macu- 
lopathy was a fairly rapid spontaneous 
resolution of the clinical manifestations 
with improvement of vision. The resid- 
ual damage to the retinal pigment epi- 
thelium (RPE) was morphologically 
characteristic in this series and also 
not typical of any previously described 
maculopathies. 


PATIENTS AND METHODS 


The demographic and clinical features of 
the patients in this report are summarized 
in the Table. We compiled nine patients: 
five females and four males. Eight of the 
patients were white, and one was black. 
The age of the patients ranged from 15 to 45 


years, with a mean age of 32 years. Seven 
of the nine patients had a definite history of 
a flulike prodromal illness that preceded 
their visual symptoms by a period of 2 to 5 
days. 

Most patients (eight of nine) presented 
with a visual acuity of 20/200 or less. In one 
patient, the presenting visual acuity was 
20/60 (patient 9) Each patient also de- 
scribed a central scotoma that was noted on 
Amsler’s grid testing. None of these pa- 
tients had a history of any other systemic 
illness. All patients demonstrated a neuro- 
sensory detachment of the macula usually 
with irregular margins, typically in a 
wedged configuration. There was also an 
area of white, gray, or yellow subretinal 
thickening at the level of the RPE beneath 
the neurosensory detachment. Three of the 
nine patients were noted to have intrare- 
tinal hemorrhages in the detached neuro- 
sensory retina (Figs 1 and 2). Slit-lamp 
biomicroscopic examination with a contact 
lens revealed that four of the nine patients 
also had cells in the posterior vitreous 
humor. 

The early fluorescein angiogram in these 
patients varied, but it generally revealed a 
minimal degree of subretinal hypofluores- 


Clinical Characteristics 


Flulike 
Patient/Age, y/Race/Sex Prodrome 


Initial 
Visual Acuity * 


Final 
Visual Acuity 


Vitreous 
Cells 





1/15/W/F Yes 
2/38/W/M Yes 





20/400 
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Fig 1.—Patient 2. Top left, A 45-year-old man 
with a 3-day history of severe loss of vision in 
the left eye shows an irregular, exudative de- 
tachment of the neurosensory retina. Perifo- 
veal thickening at the level of retinal pigment 
epithelium is also present. The visual acuity is 
20/200. Top right, Early-stage fluorescein an- 
giogram shows irregular hyperfluorescence 
and hypofluorescence at the level of the reti- 
nal pigment epithelium. Center left, Late- 
stage fluorescein angiogram reveals com- 
plete filling of the meurosensory retinal 
detachment that has at least two irregular 
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triangular or wedge-shaped margins. There 
is a more intense hyperfluorescence in the 
perifoveal region that corresponds to the 
combined subretinal staining external to the 
retinal pigment epithelium and pooling within 
the subneurosensory retinal space. Center 
right, Three weeks later, there is resolution of 
the detachment, perifoveal pigment epithelial 
hyperpigmentation, and a trace of subfoveal 
fibrous metaplasia. The visual acuity has im- 
proved to 20/30. Bottom left, A fluorescein 
angiogram shows hypofluorescence from 
blockage by the retinal pigment epithelial hy- 
perpigmentation, encircled by hyperfluores- 
cence or “window defect” from surrounding 
hypopigmentation of the retinal pigment epi- 
thelium. Bottom right, Same patient, 1 year 
later, shows stabilization of the macular 
pathologic condition. There is irregular pig- 
ment epithelium hyperpigmentation that sur- 
rounds a central area of presumed subretinal 
fibrous metaplasia in the foveal region and a 
more broad area of pigment epithelial hypo- 
pigmentation that forms a “bull’s-eye” ap- 
pearance. The visual acuity is 20/25. Bottom 
bottom left, Same patient, 10 years later, had 
no change in the macular manifestations or 
visual function. 
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cence and hyperfluorescence beneath the 
neurosensory detachment (Figs 1, top 
right, and 2, top right). The late-stage 
angiogram was very consistent, demon- 
strating two levels of hyperfluorescence 
from staining of the subretinal thickening at 
the level of the RPE and pooling of the dye 
within the subneurosensory retinal space 
(Figs 1, center left, 2, bottom center, and 
3). There was also a variation in the intensi- 
ty of the hyperfluorescence in the central 
part of the macula. In the area of subretinal 
thickening, the hyperfluorescence was 
more intense, except for blockage by xan- 
thophyll pigment (Figs 1, center left and 2, 
bottom left). The irregular early hyper- 
fluorescence, the late staining of the subre- 
tinal thickening, and the complete pooling 
into the subneurosensory retinal space cre- 
ated a clinical-angiographic impression of an 
“occult” choroidal neovascularized mem- 
brane beneath the detachment in most pa- 
tients. In one case (patient 9), during the 
acute phase of the disorder, the fluorescein 
angiogram revealed principally hyper- 
fluorescence in the early stage and only a 
trace of staining in the late stage of the 
study. These findings were explained on the 
basis of turbidity of the subretinal fluid. 
The clinical findings and course in this 
patient were otherwise identical to that in 
the other patients. The clinical biomicrosco- 
pic examination and fluorescein angiograph- 
ic findings were completely normal in the 
opposite eye of all patients in the series. 
The natural course in all patients was 
associated with a very rapid, spontaneous 
improvement of vision in conjunction with 
resolution of the neurosensory retinal de- 
tachment and development of retinal pig- 
ment epithelial atrophy and hypopigmenta- 
tion. In most patients, the improvement 
oceurred during 3 to 6 weeks (Figs 1 
through 5). Gradual progressive improve- 
ment occurred during an additional 3 to 6 
months in most patients. One patient was 
treated with systemic corticosteroids (60 to 
80 mg of oral prednisone). This patient 
(patient 6) reported almost immediate im- 
provement in his vision coincidental with 
this treatment. The final visual acuity im- 
proved to 20/25 or better in seven of the 
nine patients. As the serous detachment of 
the neurosensory retina was resolving, the 
subretinal thickening became hyperpig- 
mented (Figs 1, 3, and 4). This retinal 
pigment epithelial hyperpigmentation oc- 
curred before the complete resolution of the 
neurosensory detachment in the first 2 
weeks after the onset of visual symptoms 
(Figs 3 and 4). Following resolution of the 
detachment, pigment epithelial hyperpig- 
mentation, with, in some instances, a trace 
of probable subretinal fibrous metaplasia all 
within a surrounding zone of retinal pig- 
ment epithelial hypopigmentation, could be 
seen in the macula. This morphological ap- 
pearance in several patients resembled a 
unilateral “bull’s-eye” maculopathy (Fig 1, 
bottom left, and Fig 4, right). The bull’s- 
eye pattern was accentuated on the fluores- 
cein angiogram (Figs 1, bottom left, 4, 
center, and 5, right). The final pigmentary 
disturbance was less prominent in the one 
patient who had received systemic cortico- 
steroids during the acute stages of the 
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Fig 2.—Patient 6. Top left, Stereophotographs of a patient with a 3-day history of acute, unilateral loss of 
vision. Note the exudative detachment of the neurosensory retina, which is associated with a cluster of 
intraretinal hemorrhages. The detachment is present, overlying an irregular yellowish discoloration and 
slight thickening at the level of the retinal pigment epithelium. The visual acuity is 20/400. Top right, Early 
venous phase fluorescein angiogram reveals a slight degree of hypofluorescence caused by intraretinal 
blood. Bottom left, The late-stage angiogram reveals leakage at the site of pigment epithelial thickening 
and in the subneurosensory retinal space. The retinal pigment epithelial staining is more intense than the 
pooling beneath the neurosensory retinal detachment. There is blockage from the intraretinal hemor- 
rhages and a slight degree of hypofluorescence at the fovea from the presence of xanthophyll within the 
retina. Bottom center, Same patient, 3 weeks later, reveals resolution of the macular lesion. There is mild 
pigment epithelial stippling. Bottom right, The angiogram, corresponding to bottom center, is normal. The 
visual acuity improved to 20/25. 


Fig 3.—Top left, A 37-year-old man with uni- 
lateral sudden loss of central vision. There is 
aneurosensory retinal detachment, overlying 
a pigmentary disturbance in the foveal region. 
The visual acuity is 20/300. Top right, The 
fluorescein angiogram reveals complete 
staining of the subneurosensory space. 
There is a slightly greater intensity of the late 
hyperfluorescence at the level of the retinal 
pigment epithelium surrounding the pigmen- 
tary disturbance that is comparatively hypo- 
fluorescent. Bottom left, Same patient, 4 days 
later, reveals rapid, spontaneous resolution 
of the neurosensory detachment and an in- 
crease in the subretinal pigment epithelial hy- 
perpigmentation. There was corresponding 
improvement in the vision. Bottom right, 
Same patient, 1 year later, reveals complete 
resolution of the detachment and marked pig- 
mentary epithelial mottling surrounded by 
hypopigmentation. 
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disease (Fig 2, bottom center). There were 
no recurrences of the acute manifestations 
during the interval of follow-up in these 
patients. 

A comparatively poor visual outcome oc- 
curred in two of the nine cases (patients 7 
and 8). Secondary choroidal neovasculariza- 
tion occurred in patient 7 after initial reso- 
lution of his exudative changes and visual 
improvement. The neovascularization de- 
veloped 1 month after the resolution of the 
acute manifestations. This led ultimately to 
subfoveal disciform scarring with reduced 
central acuity to the level of 20/160. In the 
other case with a poor outcome (patient 8), 
subfoveal pigment degeneration limited the 
ultimate visual recovery potential to the 
level of 20/200, 

Very few laboratory studies were con- 
ducted in this series of patients because we 
generally believed the case to be idiopathic 
choroidal neovascularization and because 
the natural course was associated with rap- 
id resolution of the presenting manifesta- 
tions. Some patients had tests that variably 
included a complete blood cell count, a 
sedimentation rate, thyroid function stud- 
ies, a biochemical profile, serology for influ- 
enza A (Taiwan) and A (Szechwan) and B 
(Victoria), herpes types 1 and 2, VDRL, 
fluorescent treponemal antibody absorption 
test, an angiotensin converting enzyme lev- 
el, skin testing for tuberculosis, and a chest 
x-ray film for sarcoidosis. The results of all 
of these tests were within normal limits. A 
cytomegalovirus titer was positive in one 
patient, but within normal limits for the age 
grouping of the individual tested, and a 
varicella antibody titer was in the midposi- 
tive range (0.47), indicating that the patient 
had past exposure to varicella (patient 4). 


COMMENT 


This reported series represents a 
group of healthy, young adults who 
experienced sudden, severe, unilateral 
loss of central vision following a flulike 
upper respiratory tract prodromal ill- 
ness. There was spontaneous improve- 
ment of vision and no recurrence of the 
acute manifestations. Seven of the nine 
patients experienced a short viral or 
flulike illness that preceded the sudden 
loss of central vision. There was no 
obvious sex or racial predilection. A 
central scotoma was noted in all pa- 
tients. The significant findings on clini- 
cal examination were limited to the 
posterior segment where an irregular 
neurosensory retinal detachment of 
the macula was noted. In some pa- 
tients, there were cells in the vitreous 
humor, and in a few patients, there 
were intraretinal hemorrhages in the 
region of the neurosensory detach- 
ment. An irregular white, gray, or 
yellow thickening to the RPE beneath 
a portion of the neurosensory retinal 
detachment was consistent with a sub- 
retinal infiltrative or neovascularized 
process or an acute swelling of the 
RPE cells. The discoloration was not 
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localized to the outer retina, as is seen 
with layers of the outer retinitis or 
outer retinal ischemic infarction (cho- 
roidal ischemia). The subretinal thick- 
ening stained irregularly on fluoresce- 
in angiography, giving it a vascular or 
pseudovascular appearance. A peculiar 
irregularity to the neurosensory reti- 
nal detachment, specifically, wedge or 
pseudopodal extensions of the mar- 
gins, was noted in some of these pa- 
tients (Figs 1, center left, 2, top left, 
and 3, top right). Another characteris- 
tic finding was the complete filling of 
the fluorescein dye beneath the neuro- 
sensory retinal detachment in the late 
stage of the angiogram (Figs 1, center 
left, and 3, top right). 

The natural course in these patients 
was consistent in the series. Rapid 
improvement of central visual acuity 
from the level of 20/200 or less to 20/25 
or better was the rule. Only two pa- 
tients had a significant decline in the 
final visual acuity. All patients were 
followed up for at least 2!/2 years, and 
one patient (No. 2) was followed up for 
13 years (Fig 1). The improvement of 
the vision was associated with a corre- 
sponding resolution of the clinical find- 
ings. The vitreous cells, intraretinal 
hemorrhages, acute thickening at the 
level of the RPE, and the neurosenso- 
ry retinal detachment all disappeared 
at approximately the same time. The 
disappearance of these acute manifes- 
tations was usually preceded by a su- 
bretinal atrophic and pigmentary dis- 
turbance (Figs 3 and 4). The residual 
manifestations in the fundus varied, 
but some patients experienced a uni- 
lateral bull’s-eye maculopathy with 
central pigment epithelial hyperpig- 
mentation surrounded by an irregular 
ring of RPE hypopigmentation (Figs 1 
and 3 through 5). The transition from 
an acute, unilateral exudative detach- 
ment of the macula to a bull’s-eye 
appearance is not typical of any known 
maculopathy. An exception in the se- 
ries was patient 6, who was treated 
with systemic corticosteroids; he had 
only a barely perceptible pigmentary 
disturbance after resolution of the 
acute manifestations (Fig 2, bottom 
center). Since the clinical manifesta- 
tions and courses in these patients do 
not resemble any previously reported 
disorder, we suggest the name wnilat- 
eral acute idiopathic maculopathy 
(UAIM). 

The differential diagnosis includes 
numerous degenerative, infiltrative, 
inflammatory, and infectious disor- 
ders, such as idiopathic choroidal neo- 
vascularization, serous detachment of 
the RPE, central serous chorioretino- 
pathy, Harada’s disease, serpiginous 
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choroidopathy, posterior _ scleritis, 
acute posterior multifocal placoid pig- 
ment epitheliopathy (APMPPE), and 
secondary placoid syphilitic retinitis.’ 

Most examiners initially believed 
that the manifestations seen in pa- 
tients with UAIM were the result of 
choroidal neovascularization with an 
exudative detachment, followed by 
spontaneous, autoinfarction with re- 
gression of the membrane and resolu- 
tion of the detachment.” The clinical 
and fluorescein angiographic findings 
were consistent in some patients with 
an “occult” choroidal neovascularized 
membrane. Following resolution of the 
exudative changes, there was no evi- 
dence of antecedent neovascularization 
or disciform scarring. Except in the 
patient who experienced a choroidal 
neovascularization (patient 7), the dis- 
ciform scarring was thought to be sec- 
ondary to a disturbance of the RPE; in 
short, this was a secondary manifesta- 
tion rather than a primary feature of 
the disorder. 

The fluorescein angiographic pattern 
with UAIM in some aspects resembled 
the late, complete, well-delineated 
pooling that is seen beneath a serous 
detachment of the RPE. Serous pig- 
ment epithelial detachments, however, 
also demonstrate early, complete hy- 
perfluorescence that intensifies in the 
late stages of the angiogram. This an- 
giographic pattern was not seen in the 
patients with UAIM. 

The  vitelliform-like neurosensory 
retinal detachment that occurs in asso- 
ciation with cuticular drusen may also 
be associated with complete fluoresce- 
in filling beneath the neurosensory de- 
tachment. Unilateral acute idiopathic 
maculopathy is distinguished from this 
disorder by the absence of cuticular 
drusen and the characteristic yellowish 
subretinal fluid. 

A neurosensory retinal detachment 
of the macula may be seen unilaterally 
in central serous chorioretinopathy, 
but this idiopathic disorder is associ- 
ated with focal or multifocal leaks at 
the level of the RPE. No patient in the 
UAIM series demonstrated such an- 
giographic features. 

The presence of inflammatory signs 
in the vitreous humor, the intraretinal 
hemorrhages, the natural course, and 
the final clinical appearance in UAIM 
are more consistent with an acute in- 
flammatory or infectious disease pro- 
cess that involves the RPE and/or 
superficial choroid, resulting in break- 
down of the posterior blood-retinal 
barrier and an exudative neurosensory 
detachment. Irregular detachments of 
the neurosensory retina may be seen 
with Harada’s disease or other disor- 
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vision loss. An area of retinal pigment epithelial hyperpigmentation has become evident beneath a resolving neurosensory 
retinal detachment. The visual acuity is 20/300. Center, Complete resolution of the neurosensory detachment and 
progression of the subretinal pigment epithelial hyperpigmentation within a zone of hypopigmentation. Right, Same patient, 
1 month later, shows a “bull’s-eye” pattern in the macula from pigment epithelial hyperpigmented and hypopigmented 


changes. The visual acuity is 20/25. 





Fig 5.—Patient 6. Left, A 38-year-old man with an exudative detachment of the macula and sudden loss of vision. Center, There 
is spontaneous reattachment less than 3 weeks later. Pigment epithelial hyperpigmentation and hypopigmentation are 
evident. Right, The fluorescein angiogram reveals central hypofluorescence surrounded by patchy hyperfluorescence from the 
retinal pigment epithelial changes that resemble a “bull’s-eye” pattern. (Courtesy of Andrew J. Packer, MD.) 


ders that may mimic it, such as poste- 
rior scleritis, sympathetic ophthalmia, 
toxemia, malignant hypertension, dis- 
seminated intravascular coagulopathy, 
leukemia, and certain tumefactions of 
the choroid. These detachments may 
be associated with complete filling of 
fluorescein dye beneath the neurosen- 
sory retinal detachment. However, 
none of these conditions has been de- 
scribed to be associated with the clini- 
cal and angiographic manifestations 
and the natural course of the patients 
who were seen in this series. ' 

It is possible that UAIM represents 
a part of the spectrum of APMPPE. 
Features that are consistent with 
APMPPE include acute, severe visual 
loss in young patients following a flu- 
like illness in association with a plac- 
oid, grayish discoloration at the level 
of the RPE, late-homogeneous fluores- 
cein staining of the RPE in the acute 
stages, and spontaneous recovery of 
vision to near-normal levels. However, 
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there are clinical and angiographic fea- 
tures of patients with UAIM that ap- 
pear to be exclusionary with respect to 
the APMPPE syndrome. These in- 
clude a large, solitary, central lesion 
that involves only one eye, the pres- 
ence of subretinal fluid or neurosenso- 
ry retinal detachment, one or more 
intraretinal hemorrhages, the develop- 
ment of pigment epithelial hyperpig- 
mentation, and the fluorescein angio- 
graphic features. Acute posterior 
multifocal placoid pigment epithelio- 
pathy has been reported to occur uni- 
laterally rarely, but it virtually never 
presents with a neurosensory retinal 
detachment. One case that was classi- 
fied as APMPPE was associated with a 
neurosensory retinal detachment; how- 
ever, the fluorescein angiographic 
study in that patient revealed multiple 
areas of involvement elsewhere in the 
fundus, inconsistent with the picture of 
UAIM.’ Multiple, developing lesions at 
various stages in the fundus, systemic 


signs of vasculitis, and a gradual im- 
provement of vision are typical of 
APMPPE, but these are not seen in 
UAIM. A bull’s-eye appearance in the 
macula following resolution of the 
acute manifestations may be seen in 
patients with UAIM, but this appear- 
ance has never been described in 
APMPPE, to our knowledge. Above 
all, the early-phase fluorescein angio- 
grams in APMPPE in the acute stages 
reveals an intense, homogeneous hypo- 
fluorescence at the site of the placoid 
lesions. None of the patients with 
UAIM revealed such a pattern in the 
acute stages of the disorder (Fig 2, 
left). Serpiginous choroidopathy can be 
ruled out in the differential diagnosis 
on the same basis. 

An infectious disease that may re- 
semble UAIM is the secondary stage 
of syphilis which may present as a 
large, solitary, placoid lesion in the 
macula of one or both eyes. These 
patients generally have other signs of 
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intraocular inflammation, a character- 
istic course of gradual resolution, and 
eventual pigment epithelial mottling. 
The visual presentation and course, as 
well as the exudative detachment and 
residual morphological findings, differ- 
entiate patients with UAIM from this 
form of secondary ocular syphilis. In 
addition, the patients in this series 
were all healthy, and in three patients 
who were tested for syphilis were 
negative. 

The prodromal, flulike illness in 
UAIM is suggestive of a viral causal 
agent, but no serological evidence was 
obtained in any patient to support this 
presumption. A unilateral inflamma- 
tory disease in the fundus is known to 
occur in disorders, such as multiple 
evanescent white-spot syndrome and 
retinal pigment epitheliitis. If the 
pathogenesis of UAIM is caused by an 
infectious agent, it is likely, however, 
that bilateral, multifocal, and recur- 
rent cases may be identified in the 
future. It is also possible that extrafo- 


veal lesions may occur without patient 
recognition. The peculiar UAIM predi- 
lection for the central part of the macu- 
la could be explained in part on this 
basis, since such lesions could be 
asymptomatic. 

In essence, this report has described 
a group of patients whose conditions 
represented a newly diagnosed disor- 
der of the macula. It occurs in young 
patients who experience severe, uni- 
lateral visual loss and a solitary, macu- 
lar lesion that consists of characteristic 
features, usually following a flulike ill- 
ness. A rapid, spontaneous recovery of 
central vision occurs, leaving charac- 
teristic findings in the macula. The 
acute process appears to be nonrecur- 
rent. Because of the disturbance in the 
RPE, these patients are at risk of 
choroidal neovascularization in the fu- 
ture. The recognition of this disorder is 
important to eliminate the possibility 
of unnecessary medical or surgical in- 
tervention, such as steroids or antimi- 
crobial drugs and even laser photoco- 


agulation treatment of subretinal 
tissue that may mimic or masquerade 
as choroidal neovascularization. It is 
also important for the ophthalmic com- 
munity to recognize that patients may 
present with a solitary lesion in the 
macula and with severe visual loss that 
may resolve spontaneously with a very 
good prognosis. While the findings are 
consistent with an inflammatory pro- 
cess in the vicinity of the RPE, addi- 
tional case recognition and specific 
analysis are needed to identify the 
precise pathogenesis. 

Dennis Orlock, COP, provided photographic 
support; Jay Prensky, MD, Andrew Henrich, 
MD, and Andrew Packer, MD, referred patients 
5, 3, and 9, respectively; and Barry Lipson, MD, 
assisted in preparing the manuscript. 


References 


1. Gass JD. Stereoscopic Atlas of Macular Dis- 
eases, St Louis, Mo: Mosby—Year Book; 1987:43- 
219. 

2. Campochiaro PA, Morgan KM, Conway BP, 
Stathos J. Spontaneous involution of subfoveal neo- 
vascularization. Am J Ophthalmol. 1990;1:668-675. 


From the Archives of the Archives 


A look atthe past... 


An physicians are familiar with convulsive movements of the face in chorea, due to cerebral 
infiltration by organismal products. Another type of convulsive movement of the face of 
physical origin—due to encephalitic irritation—has been seen during recent epidemics of 
encephalitis. The mechanism of that condition also is simple. Another type of convulsive 
movement of the face of physical origin is that of orbicular spasm, in which the eyelid 
twitches. That movement, again, is due to irritation of the facial nucleus of encephalic origin. 
The management of a disorder of that kind is described in the textbooks. There is, however, a 
different type of convulsive movement of the face. 


REPORT OF CASES 


CASE 1.—A woman, aged 50, was sent to me some years ago by Dr Heffron of Syracuse, 
NY, because of a grimacing of the face. At the same time her head turned toward the right. 
She had seen an eminent neurologist in New York, and he recommended that the sternoclei- 
domastoid muscle be sectioned. This was done, but no benefit was obtained. She was later 
sent to me, and the discovery was made that this movement had nothing to do with a physical 
disorder, but was a movement directed toward an end, which was not brought about by a 
disturbance of the sternocleidomastoid muscle, but the whole mechanism of turning the head 
and pulling the face to the right was involved. The stimulus was found to be psychologic. It 
was found that the patient had a niece with whom she had been in the habit of walking, the 
niece always walking to the left of the aunt. The niece was about to be married. So 
determined was the aunt not to consent to this that she could not help turning her head away 
from the niece, so painful was the idea of her prospective marriage to one of a class of 
foreigners who had always caused misery to their wives in the many instances she knew. 


Source: Williams TA. Mechanism of some convulsive movements of 


the orbicularis and of the face: the manner of their removal. 
Arch Ophthalmol. 1931;5:272. 
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Molteno Implants as a Treatment for 
Refractory Glaucoma in Black Patients 


Jeffrey Freedman, MD, PhD, Benjamin Rubin, MD 


è Eighty-two black patients with re- 
fractory glaucoma were treated with a 
single-plate Molteno implant inserted 
in a single-stage procedure. A suc- 
cessful outcome (intraocular pressure 
<21 mm Hg with or without adjunctive 
medical therapy) was achieved in 72% of 
the patients with a mean follow-up of 
30 months. Success was achieved in 23 
(73%) of the 31 patients with open angle 
glaucoma, 20 (83%) of the 24 patients 
with either aphakic or pseudophakic 
glaucoma, 12 (67%) of the 18 patients 
with neovascular glaucoma, four (80%) 
of the five patients with uveitic glauco- 
ma, and two (50%) of the four patients 
with congenital glaucoma. All but four 
patients required additional medical ther- 
apy. Visual acuities remained the same 
or improved in 21 (68%) of the 31 patients 
with open angle glaucoma, 11 (61%) of 
the 18 with neovascular glaucoma, 19 
(79%) of the 24 patients with aphakic/ 
pseudophakic glaucoma, three (75%) of 
the four patients with congenital glauco- 
ma, and four (80%) of the five patients 
with uveitic glaucoma. Complications in- 
cluded hyphema (18%), “kissing” choroi- 
dal effusion (6%), blocked tube (8%), flat 
anterior chamber (12%), cataracts (5%), 
Tenon’s cyst (encapsulated bleb) (17%), 
uveitis (7%), phthisis bulbi (5%), and ero- 
sion of the silicone tube (1%). 

(Arch Ophthalmol.  1991;109:1417- 
1420) 
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Tre Molteno implant is the most 

widely used drainage implant both 
inside and outside the United States. 
The long-tube modification of the im- 
plant was developed and first used in 
1973 and was the forerunner of all 
equatorially draining implants.’ The 
successful results that have been re- 
ported with the use of the Molteno 
implant, as well as modifications that 
have been developed to decrease its 
complications,™ have resulted in its 
increased use in the management of 
patients with difficult-to-control glau- 
coma. Herein, we describe our clinical 
experience with the single-plate Mol- 
teno implant inserted in a single-stage 
procedure in black patients with 
glaucoma. 


PATIENTS AND METHODS 


The Molteno implant was offered to all 
black patients in whom neovascular glauco- 
ma was uncontrolled with medical therapy, 
medically uncontrolled open angle glaucoma 
after one or more failed filtration proce- 
dures, medically uncontrolled aphakic or 
pseudophakic glaucoma, medically uncon- 
trolled uveitic glaucoma, and congenital 
glaucoma not amenable to or controlled by 
other surgical means. Glaucoma surgery 
had been performed in 41 of the eyes before 
installation of the Molteno implant, trabecu- 
lectomy had been performed in 32 eyes, a 
Scheie procedure had been performed in 
eight eyes, a goniotomy had been per- 
formed in one eye, and a trabeculotomy had 
been performed in two eyes. Although pa- 
tients with glaucoma other than open angle 
glaucoma had undergone filtration surgery 
before insertion of the Molteno implant, this 
was not a prerequisite for inclusion in the 
study (Table 1). The use of the implant was 
approved by the Institutional Review 
Board of The State University of New 
York, Health Science Center at Brooklyn, 
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and an approved Investigational Device 
number for the investigation was obtained 
from the Food and Drug Administration by 
one of us (J.F.). All patients gave informed 
consent, and the implant used was obtained 
from Optomat in New Zealand. 

Kighty-two patients were enrolled in the 
study, and the first implant was inserted in 
1975. Thirty-one patients had open angle 
glaucoma, 18 had neovascular glaucoma, 14 
had aphakic glaucoma, 10 had pseudophakic 
glaucoma, five had uveitic glaucoma, and 
four had congenital glaucoma. All implants 
were single-plate implants inserted in a 
single-stage procedure. Before 1985, a total 
of 16 operations were performed with a 
lamellar scleral flap that was fashioned to 
cover the silicone tube; since 1985, a total of 
66 operations were performed without 
scleral dissection. All the tubes have been 
covered by  glycerine-preserved donor 
sclera. Although some patients received 
two implants per eye, the results reported 
apply only to the initial implant and not to 
the second one. 

The implants were installed under a for- 
nix-based conjunctival flap whose mobility 
was ensured by a relieving incision parallel 
to either the medial or lateral rectus mus- 
cle. After November 1, 1985, before inser- 
tion of the implant, Tenon’s capsule was 
routinely dissected from the back of the 
conjunctiva and excised as far back as possi- 
ble in black patients (Fig 1). The base of 
Tenon’s capsule to be excised was clamped 
and cauterized to prevent bleeding onto the 
plate from the cut edge of the capsule. The 
use of surgical spears (cellular sponges) 
(Weck-cel, Edward Weck & Co Inc, Re- 
search Triangle Park, NC) to bluntly dis- 
sect the pocket for the acrylic plate seemed 
to produce a limited space into which aque- 
ous could drain and thereby prevent exces- 
sive hypotony (Fig 2). The acrylic plate was 
sutured to the sclera with two 8.0 Alcon silk 
sutures with use of a C-5 needle, 10 mm 
behind the limbus. The curvature of the 
needle facilitated the placement of the su- 
ture. The plate was placed either superona- 
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sally or superotemporally, but preferably 
superotemporally. 

The silicone tube was covered with a 
piece of glycerine-preserved donor sclera 
cut to size from the donor sclera (Fig 3). 
This sclera was fixated over the tube by 
tying two of the four interrupted 10-0 su- 
tures, a method described previously.’ A 
paracentesis was performed at the limbus 
inferiorly with the use of a microsharp 
blade. The silicone tube was then cut to size 
with the use of a spring scissors in such a 
way that the end of the tube had a point 
bevel upward. The tube was inserted 
through an opening made at the limbus by a 
disposable 21-gauge needle. In the majority 
of cases, the anterior chamber was not lost 
during the procedure. Temporary closure of 
the silicone tube by ligature or any other 
method was not performed in any patient. 
If the anterior chamber was lost before the 
insertion of the silicone tube, re-formation 
of the anterior chamber was performed by 
injecting balanced salt solution through the 
previously made paracentesis opening. The 
tube was fixed to the sclera by a preplaced 
10-0 suture. The remaining two preplaced 
10-0 sutures fixating the donor sclera were 
tied, followed by the suturing of the con- 
junctiva with a running 7-0 polyglactin 910 
(Vieryl) suture to the relieving incision and 
two single 7-0 polyglactin 910 sutures fixat- 
ing the conjunctiva to the limbus (Fig 4). 

At the conclusion of the procedure, a 
subconjunctival injection of 40 mg of meth- 
ylprednisolone acetate was given together 
with topical combination dexamethasone so- 
dium phosphate and neomycin sulfate (Neo- 
Decadron) drops. A sterile shield without 
an eye patch was used to cover the eye to 
avoid the possible pressure a patch can 
exert on the eye, which may result in 
expulsion of fluid from the anterior chamber 
and loss of the chamber. The procedures 
were all performed on an ambulatory basis, 
and the patients were seen the next day. 

Topical medications consisted of a topical 
antibiotic, 1% tropicamide, and phenyleph- 
rine hydrochloride — (Neo-Synephrine) 
2'/2% every 6 hours for the first postopera- 
tive week. Topical ophthalmic Neo-Deca- 
dron was then instilled every 4 hours for an 
additional 3 weeks, and the mydriatic drugs 
were used four times daily during the same 
3-week period. For the next 3 weeks, the 
antibiotic treatment was stopped, and only 
topical steroid and mydriatic drugs were 
used four times daily. As advocated by 
Anthony Molteno, MD, no antifibrosis med- 
ication was used.” The intraocular pressure 
was measured with an applanation tonome- 
ter at the first postoperative visit and again 
on subsequent visits, which occurred week- 
ly for 6 weeks postoperatively. A rise in the 
intraocular pressure was not infrequent be- 
tween the third and sixth postoperative 
weeks and was treated with a topical B- 
blocker and a carbonic anhydrase inhibitor. 
If a large cystic bleb was visible over the 
acrylic plate and if the intraocular pressure 
was greater than 30 mm Hg, aqueous was 
tapped from the bleb with a 27-gauge nee- 
dle. This always resulted in a fall in the 
intraocular pressure without loss of the 
anterior chamber. Approximately 5 to 
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Table 1.—Surgery Performed Before Insertion of Implant 


Glaucoma 


a aaaaaaaaaaaaasassaiħiIiIiIiħiħiħs 


Total 
Trabeculectomy 
Full-thickness 
Goniotomy 
Trabeculotomy 


No. of patients with 
Molteno implants 


COAG Neovascular 


Aphakic/ 


Pseudophakic Congenital Uveitic 








Fig 1.— Separation of Tenon's capsule from 
conjunctiva. 


Fig 2.—Dissection of pocket for acrylic plate 
with Weck-cell sponge. 





Fig 3.—Implant sutured to sclera with donor 
sclera over silicone tube. Tube is in anterior 
chamber. 


10 minims of fluid was aspirated. The cystic 
bled was tapped up to three times, on a 
once-weekly basis. Usually at about 
6 weeks, the intraocular pressure stabilized 
and returned to acceptable levels. 


RESULTS 


Success was characterized by an 
intraocular pressure less than 
21 mm Hg, with or without the use of 
medical therapy, with the retention of 
vision. Eyes affected by phthisis were 
classified as failures and were excluded 
from postoperative intraocular pres- 
sure results. The mean follow-up peri- 
od was 30 months. The mean preoper- 


Arch Ophthalmol—Vol 109, October 1991 


Fig 4.—Conjunctiva closed with running su- 
ture at relieving incision and with single suture 
at limbus. 


ative intraocular pressure for the 
group was 37 mm Hg, and the mean 
postoperative pressures for the differ- 
ent categories of patients with glauco- 
ma can be seen in Table 2. Success was 
achieved in 23 (74%) of the 31 patients 
with open angle glaucoma, 20 (83%) of 
the 24 patients with aphakic/pseudo- 
phakic glaucoma, 12 (67%) of the 18 
patients with neovascular glaucoma, 
four (80%) of the five patients with 
uveitic glaucoma, and two (50%) of the 
four patients with congenital glauco- 
ma. The overall success rate for all the 
groups combined was 72%. 

The visual acuities remained the 
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Table 2.—Results and Complications of Molteno Implant in Black Patients 


Glaucoma 


— ee 


COAG 


Variable’ 








Mean + SD IOP 
Before Molteno implant 


Neovascular 


Aphakic/ 
Pseudophakic Congenital Uveitic 


32 +5 37 +8 





Flat anterior chamber 4 (13) 
Cataract 4 (13) 


Tenon's encapsulated 
bleb 6 (19) 


Exposed tube 


3 (17) 2 (8) None 1 (20) 
None None None None 


3 (17) 4 (17) 1 (25) None 





Phthisis bulbi 
"Kissing" choroidal 
effusion 





None 1 (20) 





*IOP indicates intraocular pressure, COAG, chromic open angle glaucoma. 


same or improved in 21 (68%) of the 31 
patients with open angle glaucoma, 11 
(61%) of the 18 patients with neovascu- 
lar glaucoma, 19 (79%) of the 24 pa- 
tients with aphakic or pseudophakic 
glaucoma, all five patients with uveitic 
glaucoma, and three (75%) of the four 
patients with congenital glaucoma, all 
of whom were old enough for visual 
acuity testing. In the remaining pa- 
tients, the visual acuity decreased by 
one or more lines. 

The Molteno implant procedures 
were complicated by the following: hy- 
phema (16%), blocked tubes (7%), flat 
anterior chamber (10%), “kissing” cho- 
roidal effusion (6%), cataracts (4%), 
phthisis bulbi (5%), Tenon’s cysts 
(17%), severe uveitis (9%), and tube 
erosion (1%). A moderate uveitis oc- 
curred in all patients during the imme- 
diate postoperative period, apparently 
in response to the presence of the 
silicone tube. If mydriatic agents were 
not instilled actively during the post- 
operative period, posterior synechiae 
developed rapidly. 

Occlusion of the anterior chamber 
tubes by the iris occurred in four eyes. 
The tubes were easily reopened by 
either YAG laser or argon laser appli- 
cations to the offending iris. The devel- 
opment of Tenon’s cyst (encapsulated 
bleb) over the acrylic plate occurred in 
11 patients. This diagnosis is a clinical 
observation in which a large, well- 
circumscribed, elevated cystic struc- 
ture is associated with elevated pres- 
sure and engorged surface vessels. 
These cysts were partially excised in 
five patients followed by 14 daily injec- 
tions of 0.5 to 1 mg of fluorouracil. The 
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cyst recurred after 1 month in one 
patient and after 2 years in another. In 
the other three patients, the cyst did 
not recur. In three eyes in which Ten- 
on’s cyst resulted in elevation of in- 
traocular pressure beyond acceptable 
levels, a second Molteno implant was 
used without excision of the cyst over 
the first implant. (The combination of 
the two Molteno implants maintained 
the intraocular pressure at acceptable 
levels in these three patients, in whom 
we recorded the achievement of an 
intraocular pressure greater than 
21 mm Hg.) In the remaining three 
patients, intraocular pressure re- 
turned to acceptable levels after re- 
peated aspirations of the cyst (in these 
patients, we recorded the achievement 
of an intraocular pressure less than 
21 mm Hg). All but four patients re- 
quired adjunctive medical therapy. 
Forty-eight patients required a combi- 
nation of pilocarpine hydrochloride, a 
B-blocker, and a carbonic anhydrase 
inhibitor; the remaining 30 patients 
received a combination of two medica- 
tions, namely, a B-blocker and a car- 
bonic anhydrase inhibitor. Many pa- 
tients had to continue to receive a 
carbonic anhydrase inhibitor because 
of elevated pressure in the fellow eye. 
Pilocarpine treatment was avoided 
when possible to decrease the inci- 
dence of inflammation. 


COMMENT 


The success of filtering procedures 
in black patients with glaucoma has 
been reported by many investiga- 
tors.” The results vary, but the aver- 
age success rate is 70% with the use of 


adjunctive medical therapy for a fol- 
low-up period of at least 6 months. 
Many of the reports have not men- 
tioned a number of the difficult catego- 
ries of glaucoma that we have treated. 
Many of the cases treated by us were 
first-time surgical procedures in pa- 
tients whose glaucoma was uncon- 
trolled by medical therapy. Our report 
about the use of the Molteno implant 
appears to be the first report of surgi- 
cal results in black patients with diffi- 
cult-to-treat glaucoma and eyes in 
which previous glaucoma surgery had 
failed to control the pressure. No di- 
rect comparison can thus be made with 
the results of other reported retro- 
spective series. However, the 75% suc- 
cess rate achieved in our series in 
patients with open angle glaucoma 
compares favorably with that reported 
in other series involving primarily 
open angle glaucoma.’ 

Minckler et al‘ reported results of 
single-plate Molteno implants in a pa- 
tient group almost identical to ours and 
with a comparable follow-up period. 
They also reported results regarding 
type of glaucoma, but only 4% of their 
patients were black. Our results were 
similar to those reported by Minckler 
et al. In open angle glaucoma, success 
in black patients with the Molteno 
implant was 79% compared with 63% 
reported by Minckler et al. In neovas- 
cular glaucoma in blacks, we obtained 
a 57% success rate compared with 47% 
reported by Minckler et al in their 
predominantly nonblack group. In con- 
genital glaucoma, we had a 50% suc- 
cess rate in blacks compared with 54% 
in the predominantly nonblack group 
reported by Minckler et al. Finally, in 
aphakic/pseudophakic glaucoma, our 
success rate in blacks was 73% com- 
pared with 70% in the group described 
by Minckler et al. Thus, our success 
rate for various types of glaucoma in 
black patients is similar to that re- 
ported for the use of the Molteno im- 
plant in a comparable but predomi- 
nantly nonblack group of patients with 
glaucoma. 

The development of Tenon’s cyst 
over the acrylic plate was the predomi- 
nant complication, which appears to 
occur more commonly in black pa- 
tients. Most of the cysts that devel- 
oped in our series did so before we 
adopted a policy of careful excision of 
Tenons capsule during insertion of the 
implant (the first 16 procedures per- 
formed before 1985). We have not used 
fluorouracil in a controlled study and 
therefore cannot report on its efficacy. 
Tenon’s cysts have developed in only 
two patients who have had Tenon’s 
capsule excised at surgery. No tubal 
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occlusion was performed in our series. 
Of the 11% incidence of flat anterior 
chambers that occurred in the immedi- 
ate postoperative period, 89% oc- 
curred before our use of the scleral 
patch and the 22-gauge needle en- 
trance site. However, the anterior 
chambers all re-formed in 3 to 4 days 
postoperatively with no sequelae. Sev- 
enteen percent of patients with apha- 
kic/pseudophakie glaucoma (6% of all 
patients with uncontrolled glaucoma) 
developed kissing choroidal effusion, 
which resolved over time. Minckler et 
al’ reported a 4% incidence in their 
aphakic/pseudophakiec group, while 
Melamed et al” reported a 36.6% inci- 
dence of peripheral choroidal effusion 
and Traverso et al" reported a 24% 
incidence of choroidal detachment in 
their patients with uncontrolled glau- 
coma. These differences may be due to 
the degree of effusion and the method 
used to document the complication. 
Our results obtained with the single- 
plate Molteno implant in black patients 
compare favorably with the reported 
results obtained with other long-tube 
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implants.” The advantage of the sin- 
gle-plate, single-stage Molteno implant 
is that relatively little dissection is 
required to implant the plate, com- 
pared with the amount of dissection 
required for the encircling Schocket 
tube or the long-tube Krupin eye valve 
(Hood Laboratories, Pembroke, Me)." 
The use of a 22-gauge needle entrance 
site combined with the use of a cellular 
sponge dissection and placement of the 
scleral patch over the entire site elimi- 
nate the need for occlusion of the tube 
without the development of prolonged 
flat anterior chambers or choroidal de- 
tachments requiring surgical drainage. 
The use of the donor scleral patch graft 
makes the procedure almost entirely 
extraocular. The only time the eye is 
entered is for the insertion of the sili- 
cone tube through a 22-gauge needle 
opening at the limbus. The combina- 
tion of a 22-gauge needle tract, local- 
ized corneal edema, and the scleral 
patch abutting the tube entrance site 
may result in less leak around the 
tube. The limited Tenon’s tissue dis- 
section and formation of a pocket limits 
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fluid egress from the plate. Aspiration 
of cystic fluid may work by deturgess- 
ing the cyst wall and allowing collapsed 
vessels to reopen. 

The major problem associated with 
the use of the Molteno implant in black 
patients is the development of Tenon’s 
cyst (or an encapsulated bleb). We 
have not resolved this problem but 
suggest excision of Tenon’s tissue dur- 
ing implant insertion, with the use of 
fluorouracil treatment postoperatively 
in young black patients. The cysts do 
not appear to occur, or do so less 
frequently, in patients older than 60 
years or younger than 10 years. 

The single-plate Molteno implant 
used in a single-stage procedure is 
relatively easy to perform and appears 
to be a very useful modality of therapy 
in black patients with glaucoma that is 
refractory to medical therapy and oth- 
er glaucoma procedures. 


The authors have no proprietary interest in the 
Molteno glaucoma implant. 
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Management of Ocular Penetration From Injection of Local 
Anesthesia Preceding Cataract Surgery 


Jeffrey S. Rinkoff, MD; Bernard H. Doft, MD; Louis A. Lobes, MD 


e We herein describe 12 patients who 
suffered penetration or perforation of the 
globe during injection of a local anes- 
thetic before cataract surgery. Minimum 
follow-up was 6 months. Six eyes had a 
final visual acuity of 20/50 or better and 
an attached retina. Four eyes had an 
attached retina with a visual acuity of 
20/80 to 2/200. Two eyes were anatomic 
failures because of a recurrent retinal 
detachment complicated by proliferative 
vitreoretinopathy. These cases show that 
retinal penetrations without retinal de- 
tachment may be treated effectively with 
photocoagulation. Vitreous surgery is 
recommended when the retinal penetra- 
tion is associated with a retinal detach- 
ment. Eyes with a dense vitreous hemor- 
rhage and a suspicion of a penetrating 
injury should either be followed up close- 
ly with echography or should undergo 
vitreous surgery since the extent of the 
injury cannot be determined. 

(Arch Ophthalmol. 1991;109:1421- 
1425) 


Mo cataract surgery is performed 

under local anesthesia using a re- 
trobulbar injection. Although retrobul- 
bar injections are considered safe, 
multiple complications have been re- 
ported.’ We describe 12 patients who 
suffered penetrating or perforating 
injuries of the globe during injection 
of a local anesthetic preceding cat- 
aract surgery. Minimum follow-up was 
6 months. 
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SUBJECTS AND METHODS 


We retrospectively reviewed the records 
of 12 consecutive patients referred to us 
between October 1988 and March 1990 with 
a penetrating or perforating injury of the 
globe due to a complication of local anesthe- 
sia prior to cataract surgery. All patients 
had a complete ophthalmologic examination 
when referred and at each follow-up exami- 
nation. Treatment was individualized ac- 
cording to the severity of the clinical find- 
ings. An eye was considered an anatomic 
success if the retina was attached posterior 
to the encircling buckle or if the retina was 
attached everywhere when no encircling 
buckle had been placed. Information re- 
garding the 12 cases is summarized in Ta- 
bles 1 through 4. 


RESULTS 


Of the 12 patients included in this 
study, eight were women; the right 
eye was involved eight times. The 
average age of the patients was 67 
years (range, 37 to 84 years). Minimum 
follow-up was 6 months, with an aver- 
age follow-up of 8.3 months. 

Information regarding who adminis- 
tered the injection was available in all 
12 cases, while information regarding 
the type of injection and the needle 
type was available in 11 of the 
12 cases. An anesthesiologist adminis- 
tered the block in seven patients, a 
sharp 25-gauge needle was used in 
10 patients, a blunt 25-gauge needle 
was used in one patient, and a retro- 
bulbar injection from an inferotem- 
poral approach was used in 11 patients. 

Patients were referred from 1 to 
14 days following the injury. Three 
patients were referred on the first 
postoperative day, for hypotony and a 
penetrating injury following injection 
of the retrobulbar anesthetic in two 
eyes and for a retinal detachment in 


one eye. Four patients were referred 
2 to 7 days postoperatively, for a vitre- 
ous hemorrhage in two eyes; for a 
darkened red reflex noted at surgery, 
a vitreous hemorrhage and a penetrat- 
ing injury in one eye; and for hypotony 
and a penetrating injury following in- 
jection of the local anesthetic in one 
eye. Five patients were referred 8 to 
14 days postoperatively, for a vitreous 
hemorrhage and a penetrating injury 
in two eyes; for hypotony at surgery, a 
vitreous hemorrhage, and a penetrat- 
ing injury in one eye; for a retinal 
detachment and a penetrating injury in 
one eye; and for a vitreous hemorrhage 
and retinal detachment in one eye. 

Cataract surgery was canceled in 
three of the 12 eyes in this series 
because of the presence of hypotony 
and a penetrating injury immediately 
following injection of the local anes- 
thetic. While these eyes did well ana- 
tomically, seven of the nine eyes that 
underwent cataract surgery also had a 
successful anatomic result. Therefore, 
this study does not support the conclu- 
sion that cataract surgery following 
penetration or perforation of the globe 
adversely affects the prognosis. How- 
ever, if the surgeon is suspicious that 
the globe has been penetrated, cancel- 
lation of the cataract surgery should be 
considered since theoretically, the hy- 
potony associated with cataract sur- 
gery could exacerbate retinal vascular 
and choroidal hemorrhaging. 

At the initial examination, the visual 
acuity was 6/200 or worse in nine eyes 
and 20/70 or better in three eyes. A 
varying amount of vitreous hemor- 
rhage was present in all eyes, with 
four eyes having a dense vitreous hem- 
orrhage that prevented visualization of 
the retina. The retinal penetration(s) 
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Table 1.— Summary of Clinical Features” 




































Axial Referral 

Case/Age, Length, Referral Date, 

y/Sex Eye Surgery Injector Needle Technique mm Diagnosis POD 
1/73/F OD EC-PCIOL Anesth 25-g S RB 24.7 VH, PR 8 
2/70/F OS Canceled Ophth 25-g B RB 24.1 H, PS 1 
3/68/M OS Canceled Ophth NA NA NA H, PS 3 
4/37/M OD _ EC-PCIOL Anesth 25-g S RB 24.7 VH, PR 10 
5/64/F OS EC-PCIOL Ophth 25-9 S RB 23.6 RD, PR 10 
6/69/F OD EC-PCIOL Anesth 25-g S RB 22.8 RD 1 
7/66/F OD EC-PCIOL Anesth 25-g S RB 23.1 VH 5 
8/60/F OD EC-PCIOL Anesth 25-gS RB 23.6 VH, RD 14 
9/72/M OD EC-PCIOL Anesth 25-g S RB 26.2 VH 7 
10/84/F OS EC-PCIOL Anesth 25-gS RB 24.0 H, VH, PS 8 
11/58/F OD Canceled Ophth 25-9 S RB NA H, PS 1 
12/83/F OD EC-PCIOL Ophth 25-g S RB 25.4 R, VH, PS 2 





* Anesth indicates anesthesiologist; B, blunt; g, gauge; EC-PCIOL, extracapsular cataract extraction with 
posterior chamber intraocular lens implantation; F, female; H, hypotony after injection; M, male; NA, not avail- 
able; Ophth, ophthalmologist; POD, postoperative day; PR, penetrating injury recognized by surgeon at referral; 
PS, penetrating injury recognized by surgeon after injection or during surgery; R, red reflex dark at surgery; RB, 
retrobulbar injection; RD, retinal detachment; S, sharp; and VH, vitreous hemorrhage. 


Table 2.—Group 1: Retinal Penetration Without Retinal Detachment: Mild to Moderate 
Vitreous Hemorrhage * 


Final 
Operation VA 


Laser 20/50 


Initial 
Case VA 


1 20/50 


Final F/U, 
Anatomy mo 


Attached 13.5 


Initial Anatomy Op No. 
Diagonal tear inferior 1 
midperiphery 
Tear inferior to disc 
and 6-o'clock 
periphery 
Tear inferotemporal 
arcade 
Tear inferonasal 
to disc 


6/200 Laser, cryo 20/50 Attached 10.5 


Laser 20/50 = Attached 


Laser 
Laser 


3 3/200 


4 20/50 20/25 Attached 





*VA indicates visual acuity; Op, operation; cryo, cryosurgery; and F/U, follow-up. 


Table 3.—Group 2: Retinal Penetration With Retinal Detachment: Mild to Moderate 
Vitreous Hemorrhage * 


Final 
Operation VA 
Vit, SB 20/30 


Final F/U, 
Anatomy mo 


Attached 


Initial Op 
Case VA Initial Anatomy No. 
20/70 Diagonal tear 
inferiorly 
Radial tear 
superonasally 





PR, SB LP 10.5 
Remove IOL, 
Vit, RevSB 
RevSB 
Gas 


Vit, Retinotomy 


4/200 RD PVR D, 





4/200 Tears superior and TRD 


temporal to disc 
20/200 


1/200 Attached 


Tear superotemporal 
arcade 





*D, indicates closed funnel; IOL, intraocular lens; VA, visual acuity; Op, operation; F/U, follow-up; LP, light 
perception; PR, pneumatic retinopexy; PVR, proliferative vitreoretinopathy; RD, retinal detachment; Rev, revi- 
sion; SB, scleral buckle; TRD, traction retinal detachment; and Vit, vitrectomy. 


varied in number per eye, size, and 
location (Figs 1 and 2). Seven eyes 
suffered a penetrating injury (cases 1, 
3, 4, 7, 9, 10, and 11). A possible 
perforating injury occurred in two 
eyes (cases 6 and 8). A definite perfo- 
rating injury occurred in three eyes 


(cases 2, 5, and 12). A retinal detach- 
ment of varying extent was present in 
four eyes. 

Treatment was individualized ac- 
cording to the severity of the clinical 
findings at the time of presentation. 
One eye was followed up. Seven eyes 
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underwent one procedure, two eyes 
underwent two procedures, one eye 
underwent three procedures, and one 
eye underwent five procedures. 

Four eyes were initially treated with 
photocoagulation of the posterior reti- 
nal penetration (cases 1 through 4). 
None of these eyes initially had a reti- 
nal detachment. At the final examina- 
tion, the visual acuity was 20/50 or 
better and the retina was attached in 
these four eyes. 

Two eyes initially underwent vitre- 
ous surgery because of a retinal de- 
tachment associated with the retinal 
penetration (cases 5 and 8). One of 
these two eyes later underwent a revi- 
sion of the vitrectomy because of a 
macular pucker and traction detach- 
ment of the inferior retina. At the final 
examination, both eyes were anatomic 
successes with a visual acuity of 20/30 
in the former eye and 20/200 in the 
latter eye. 

Two eyes initially underwent pneu- 
matic retinopexy because of a retinal 
detachment associated with the retinal 
penetration (cases 6 and 7). Subse- 
quently, one of these two eyes under- 
went two procedures and the other eye 
underwent four procedures. These two 
eyes were the only anatomic failures in 
this series. 

Four eyes were initially followed up 
(cases 9 through 12). These four eyes 
had a dense vitreous hemorrhage, pre- 
venting a view of the retina, with the 
retina attached by B-scan echography 
at the initial examination. Three weeks 
later, a procedure was performed on 
three eyes for the following reasons: A 
posterior retinal penetration without a 
retinal detachment was photocoagu- 
lated in one of these eyes following 
partial clearing of the vitreous hemor- 
rhage. The final visual acuity was 20/80 
and the retina was attached. One of 
these eyes had a persistent dense vit- 
reous hemorrhage and underwent a 
lensectomy and vitrectomy at which 
time vitreoretinal traction on a posteri- 
or retinal penetration was released and 
a penetration site was treated with 
photocoagulation. At the final exami- 
nation, the retina was attached and the 
visual acuity was 2/200 because of a 
degenerative myopic staphyloma of 
the macula. One of these eyes under- 
went vitreous surgery because of a 
retinal detachment and dense vitreous 
hemorrhage. The final visual acuity 
was 20/100 and the retina was at- 
tached. In the fourth eye in this group, 
a retinal penetration site was not seen 
at the initial examination and the reti- 
na was attached by echographic exami- 
nation. There was a vitreous echoden- 
sity contiguous with the retina in the 
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VA Initial Anatomy 
1/200 Attached by echography 


HM Attached by echography; 
tear inferior to disc as 
hemorrhage cleared 


Op No. 


Final F/U, 
Anatomy mo 


Attached 9.5 
Attached 6 


Final 
Operation VA 
None 20/20 
Laser 20/80 


11 HM Attached by echography 1 Lens, Vit 2/200 Attached 8 


12 HM Attached by echography; 
RD 3 wk later 





Vit, SB 20/100 Attached 9 


* HM indicates hand motion; VA, visual acuity; Op, operation; F/U, follow-up; Lens, lensectomy; RD, retinal 


detachment; SB, scleral buckle; and Vit, vitrectomy. 


Fig 1.—Right eye. Penetration site and case 
numbers. 


inferior midperiphery. As the vitreous 
hemorrhage cleared, a tangential cho- 
rioretinal scar without retinal detach- 
ment was identified in the inferior 
midperiphery. No treatment was per- 
formed on this eye. The final visual 
acuity was 20/20 and the retina was 
attached. 

Overall, six of 12 eyes had a final 
visual acuity of 20/50 or better. The 
remaining eyes had a final visual acuity 
of 20/80, 20/100, 20/200, 4/200, 2/200, 
and light perception. Ten eyes were 
anatomic successes. Two eyes were 
anatomic failures because of a recur- 
rent retinal detachment complicated 
by proliferative vitreoretinopathy. 

Various complications were noted 
during treatment of the 12 eyes in this 
series. Proliferative vitreoretinopathy 
developed in three eyes (cases 6 
through 8). An epimacular membrane 
developed in one eye that caused a 
mild macular pucker with macular ede- 
ma (case 1). A mildly contracted epi- 
retinal membrane developed in one eye 
that emanated from the posterior reti- 
nal penetration site nasal to the disc 
and caused horizontal striae through 
the fovea (case 4). An iris bombe and 
secondary angle closure glaucoma de- 
veloped in one eye that responded to a 
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Fig 2.—Left eye. Penetration site and case 
numbers. 


YAG iridotomy and medical treat- 
ment. Ghost cell glaucoma developed 
in one eye that responded to medical 
management (case 9). 


COMMENT 


Dennis B. Freilich, MD, described 
two cases (oral communication, April 
10, 1991) and Mark E. Schneider, MD 
(oral communication, April 10, 1991) 
described five cases of penetrating in- 
juries of the globe during injection of a 
local anesthetic prior to cataract sur- 
gery. Two cases of ocular penetration 
from a peribulbar injection of an anes- 
thetic have been reported.*” Recent- 
ly, there have been other reports (Jay 
S. Duker, MD, oral communication, 
April 10, 1991, and Grizzard et al”) of 
penetrating injuries of the globe dur- 
ing injection of local anesthetics. 

An anesthesiologist injected the lo- 
cal anesthetic in seven of the 12 pa- 
tients in this series. Including this 
publication, to date 50 cases have been 
reported of ocular penetration or per- 
foration from peribulbar or retrobul- 
bar injection of a local anesthetic pre- 
ceding cataract surgery (Freilich, oral 
communication, April 10, 1991, 
Schneider, oral communication, April 


10, 1991, Duker, oral communication, 
April 10, 1991, Lincoff et al,* and 
Kimble et al”). We could obtain infor- 
mation on who gave the injection in 50 
of the patients (Freilich, oral communi- 
cation, April 10, 1991, Schneider, oral 
communication, April 10, 1991, Duker, 
oral communication, April 10, 1991, 
Lincoff et al,” and Kimble et al”). The 
injection was given by the surgeon in 
30 (60%) of the 50 patients and by a 
nonophthalmologist in 20 (40%) of the 
50 patients. While a large number of 
the injections were administered by a 
nonophthalmologist, the literature 
does not provide adequate information 
to draw conclusions regarding a trend 
toward more nonophthalmologists in- 
jecting the local anesthetic or more 
nonophthalmologists causing penetrat- 
ing injuries of the globe during these 
injections. 

While increased axial length,” the 
use of a sharp needle,” and a retro- 
bulbar injection“ may increase the 
risk of penetrating the globe, the ab- 
sence of these factors does not elimi- 
nate the risk of this complication. Pen- 
etrating injuries of the globe preceding 
cataract surgery have been reported in 
myopic and  nonmyopic events 
(Schneider, oral communication, April 
10, 1991, Duker, oral communication, 
April 10, 1991, and Grizzard et al”), 
from peribulbar and retrobulbar injec- 
tions (Freilich, oral communication, 
April 10, 1991, Schneider, oral commu- 
nication, April 10, 1991, Duker, oral 
communication, April 10, 1991, Lincoff 
et al,” and Kimble et al”) with blunt 
and sharp needles (Freilich, oral com- 
munication, April 10, 1991, Schneider, 
oral communication, April 10, 1991, 
Duker, oral communication, April 10, 
1991, Lincoff et al,“ and Kimble et 
al”), and under conditions where the 
physician giving the injection has had 
substantial experience.” Of the 11 eyes 
in this series where information was 
available, only two eyes had an axial 
length greater than 25 mm. However, 
a retrobulbar injection from an infero- 
temporal approach was used in 11 pa- 
tients, a sharp 25-gauge needle was 
used in 10 patients, and a blunt 25- 
gauge needle was used in one patient. 

Several steps in the injection of the 
local anesthetic may decrease the risk 
of penetrating the globe. We have 
found elevating the globe with an in- 
dex finger prior to advancing the nee- 
dle a useful step in the administration 
of local anesthesia (Schneider, oral 
communication, April 10, 1991). In 
penetrating injuries where an intra- 
ocular injection may occur, the jet 
stream from the injection may cause 
further anatomic damage and the in- 
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creased intraocular volume may oc- 
clude the central retinal artery. We 
move the globe with an index finger 
after the needle has been advanced but 
before injecting the anesthetic to en- 
sure that the globe moves indepen- 
dently of the needle. However, intrao- 
cular injection of lidocaine hydro- 
chloride and epinephrine sodium me- 
tabisulfite is not inconsistent with good 
vision. Lincoff et al* reported the 
cases of two patients who recovered 
20/20 and 20/40 vision following intra- 
ocular injection of 0.5 mL of 2% lido- 
caine-1:100 000 epinephrine and 
0.3 mL of 2% lidocaine-1:100 000 epi- 
nephrine, respectively; the authors 
demonstrated no significant retinal 
damage from varying volumes of in- 
traocular 2% lidocaine and from vary- 
ing volumes and concentrations of 
intraocular epinephrine and hyaluroni- 
dase in an animal model. Unsold et al” 
have recommended that the patient 
look straight ahead or slightly infero- 
temporally during the injection to de- 
crease the potential risk to the macula 
and optic nerve. Schneider (oral com- 
munication, April 10, 1991) has sug- 
gested that general anesthesia be con- 
sidered for patients with significant 
enophthalmos, severe myopia, and fol- 
lowing scleral buckling surgery. 
Penetration of the globe may be 
difficult to notice at the time of sur- 
gery. A possible penetrating injury 
was noted by the surgeon following 
injection of the local anesthetic or at 
the time of surgery in only five of the 
12 eyes in this series. Hypotony, the 
most common immediate indicator of 
penetration, was noted in four of these 
eyes. A dark red reflex was noted at 
the time of surgery in one of these 
eyes. By the time of referral, an addi- 
tional three eyes were suspected of 
having had a penetrating injury. Rea- 
sons for the difficulty in immediately 
recognizing the injury include the lack 
of hypotony or the lack of a change in 
the red reflex during surgery and the 
anesthesiologist’s giving the injection. 
The anesthesiologist may not recog- 
nize the hypotony and the hypotony 
may resolve by the time the surgeon 
begins the cataract extraction. Of the 
five eyes in which the surgeon was 
suspicious of a penetrating injury be- 
fore or at the time of the cataract 
surgery, four eyes had been injected 
by the surgeon. Of the seven eyes in 
which the surgeon was not suspicious 
of a penetrating injury before or at the 
time of cataract surgery, six eyes had 
been injected by the anesthesiologist. 
The three cases that were canceled 
were all injected by the surgeon. 
Patients were referred from 1 to 
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14 days, with a median time of 5 days, 
following the injury. Six eyes were 
referred on or before the median time 
of 5 days following the injury and all 
six eyes had a presenting visual acuity 
of 6/200 or worse. Of the six eyes 
referred after the median time of 
5 days, three eyes had a presenting 
visual acuity of 20/70 or better and 
three eyes had a presenting visual 
acuity of 1/200 or worse. Of the nine 
eyes with a presenting visual acuity of 
6/200 or worse, six eyes were referred 
on or before the median time of 5 days. 
Thus, early referral was more common 
in eyes with poor vision. Delays in 
referral were more common in eyes 
with better vision. Two of the six eyes 
referred on or before the median time 
of 5 days had a final visual acuity of 
20/50, whereas four of the six eyes 
referred after the median time had a 
final visual acuity of 20/50 or better. 
Thus, twice as many eyes that were 
referred after the median time of 
5 days had a final visual acuity of 20/50 
or better compared with the eyes that 
were referred on or before the median 
time. There was no relationship be- 
tween the time of referral and the 
presence of a retinal detachment on 
initial examination. Proliferative vit- 
reoretinopathy developed in three 
eyes. Two of these eyes were referred 
on or before the median time of 5 days. 
Two eyes were anatomic failures and 
both eyes were referred on or before 
the median time of 5 days. 

Clinical signs of a penetrating inju- 
ry, other than hypotony at the time of 
surgery, were present in all eyes in 
this series. At the initial examination, 
a vitreous hemorrhage of varying ex- 
tent was present in all eyes, a retinal 
penetration(s) posterior to the equator 
was visualized by indirect ophthalmos- 
copy in eight of the 12 eyes (cases 1 
through 8), and a retinal detachment of 
varying extent was present in four of 
the 12 eyes in this series (cases 5 
through 8). Vitreoretinal consultation 
should be considered in a timely fash- 
ion when there is hypotony following 
injection of the local anesthetic or 
when a vitreous hemorrhage is seen in 
the postoperative period, particularly 
when associated with a possible retinal 
penetration or retinal detachment. 

A perforating injury should be sus- 
pected in all cases, regardless of the 
location of the posterior penetration 
site. An anterior transretinal penetra- 
tion site was not identified in seven 
eyes (Figs 1 and 2, cases 1, 3, 4, 7, 9, 
10, and 11) and these eyes were consid- 
ered to have had a penetrating injury. 
The location of the posterior penetra- 
tion site in these eyes can be explained 
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either by the failure to identify an 
anterior penetration site or by the 
superior gaze of the eye during the 
injection, allowing for penetration of 
the globe more posteriorly. A possible 
anterior transretinal penetration site 
was identified in two eyes (Fig 1, cases 
6 and 8) and these eyes were consid- 
ered to have had a possible perforating 
injury. Three eyes (25%) in this series 
had a definite perforating injury (Figs 
1 and 2, cases 2, 5, and 12). A possible 
anterior penetration site was seen in 
one of these three eyes during the 
office examination, but it was not defi- 
nitely identified until an examination 
under anesthesia was performed (case 
2). The anterior transretinal penetra- 
tion site was not definitely identified 
until during the vitrectomy in two of 
the three eyes. A vitrectomy was per- 
formed immediately on one of these 
eyes (case 5). The anterior penetration 
site was not involved in the localized 
retinal detachment surrounding the 
posterior penetration site. A retinal 
detachment developed in one of these 
eyes before a vitrectomy was per- 
formed (case 12). The anterior pene- 
tration site was involved in the retinal 
detachment. Thus, if there is reason to 
believe that an anterior transretinal 
penetration site is present and an ade- 
quate examination cannot be per- 
formed in the office, then the vitreo- 
retinal surgeon should consider carry- 
ing out indirect ophthalmoscopy with 
scleral depression in the operating 
room. A surgical microscope should be 
available in case the surgical cataract 
wound ruptures during the examina- 
tion. Furthermore, the vitreoretinal 
surgeon should consider performing a 
vitrectomy if vitreous hemorrhage 
prevents a view of the inferior periph- 
ery or completely obscures a view of 
the retina, as discussed below in group 
3 eyes. 

The 12 patients in this series were 
sorted into three groups based on both 
the clarity of the ocular media and 
whether there was a retinal detach- 
ment at the time of presentation. How- 
ever, one must be cautious not to 
overinterpret data from this small 
sample size. 

In group 1, the retina was attached 
and there was a mild to moderate 
vitreous hemorrhage, not extensive 
enough to limit identification and pho- 
tocoagulation of the retinal penetra- 
tion. While photocoagulation of the 
posterior retinal penetration is reason- 
able management of eyes in this group, 
there was no nontreatment comparison 
group and treatment may not be neces- 
sary (Table 2). 

In group 2, there was a retinal de- 
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tachment of varying extent and a mild 
to moderate vitreous hemorrhage, not 
extensive enough to limit identification 
of the posterior retinal penetration(s). 
Initial vitreous surgery with intraocu- 
lar tamponade is recommended in eyes 
in this group because of the associated 
retinal detachment. Pneumatic retino- 
pexy was initially performed in two 
eyes in this group. These two eyes, 
which subsequently underwent multi- 
ple vitreoretinal procedures, were the 
only anatomic failures in this series. 
Based on this limited number of cases, 
one should question the role of pneu- 
matic retinopexy in this group of pa- 
tients (Table 3). 

In group 3, the vitreous hemorrhage 
either prevented visualization of the 
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retinal penetration(s) or completely 
obscured a view'of the retina by direct 
ophthalmoscopy. Initially, the retina 
was attached by echographic examina- 
tion in these eyes. However, a retinal 
detachment subsequently developed in 
one of these eyes while it was being 
observed and two of the four eyes in 
this group eventually underwent vitre- 
ous surgery. Eyes in this group should 
be considered for immediate vitreous 
surgery since the extent of the retinal 
injury cannot be determined and since 
a retinal detachment may be pre- 
vented by early intervention (Table 4). 

A tract of anteroposterior vitreo- 
retinal proliferation, as described by 
Abrams et al,” was not seen in the 
three eyes in which there was a defi- 
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Corneal Wound Healing After 193-nm 


Excimer Laser Keratectomy 


Wilson C. S. Wu, MD, PhD; Walter J. Stark, MD; W. Richard Green, MD 


èe As part of a human trial of photother- 
apeutic keratectomy, we performed ante- 
rior keratectomy using excimer laser 
193-nm ablation on patients with superfi- 
cial corneal opacities. We examined the 
ultrastructural changes in the corneas of 
four patients who underwent penetrating 
keratoplasty 6 to 15 months after excimer 
laser ablation. The four cases included 
macular dystrophy, recurrent kerato- 
conus in a graft, and corneal scarring 
(two eyes). Light microscopy showed 
epithelial thickening, absence of Bow- 
man’s layer, and superficial stromal scar- 
ring in the area of ablation. Ultrastructur- 
al study showed that the epithelial 
basement membrane had focal discon- 
tinuities. At the margin of the ablation 
superficial collagen bundles terminated 
abruptly in a steplike configuration. The 
anterior stroma was scarred, with loss of 
lamellar structure and an increase in 
number of fibrocytes. The laser-induced 
scar was 10 to 15 um thick in the two 
eyes without a stromal scar before laser 
ablation. The stroma underlying the 
scarred areas and that in the untreated 
area appeared normal. Linear collagen- 
like fibers were present in the posterior 
aspect of Descemet’s membrane. Laser- 
induced scarring may be an important 
factor in limiting visual improvement in 
patients undergoing phototherapeutic 
keratectomy. 

(Arch Ophthalmol. 
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Tre use of excimer lasers is being 

investigated as a potentially supe- 
rior technique in anterior keratec- 
tomy. Several reports have described 





See also p 1370. 





long-term wound healing following ex- 
cimer keratectomy in laboratory ani- 
mals, but no long-term human studies 
have been reported. The animal stud- 
jes™ have demonstrated that the 
193-nm excimer laser produces abla- 
tion of the corneal surface at a submi- 
cron-level accuracy. On ultrastructural 
study, tissue loss is evident at the site 
of irradiation, with minimal damage to 
adjacent structures. Wound healing 
occurs with an increased number of 
fibrocytes.*™ Clinically, an anterior 
stromal haze occurs after ablation, and 
persists for longer periods (several 
months) in deeper ablations.” Goodman 
et al’ noted that corneas undergoing 
ablation to less than 50 um were clear 
on clinical examination at 8 weeks. 
Ultrastructural study showed no colla- 
gen overgrowth or infiltration. 

L’Esperance et al’ have described a 
histopathologic study of three human 
corneas 12 days or less after excimer 
ablation. In this short-term study, 
there was slight epithelial hyperplasia 
without inflammation or scarring. 

We report herein the ultrastructural 
changes in the corneas of four patients 
who underwent penetrating kerato- 
plasty 6 to 15 months after excimer 
laser phototherapeutic keratectomy 
(PTK) ablation. 

MATERIALS AND METHODS 
Excimer Ablation 


The Twenty/Twenty Excimer Laser Sys- 
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tem (VISX Co, Sunnyvale, Calif) is used 
with the emission from reaction of argon 
and fluorine gases as the source of UV 
radiation at 193 nm. With appropriate soft- 
ware, the device is selected for removal of 
diseased corneal tissue (PTK) or for reshap- 
ing the cornea for myopic refractive correc- 
tion (photorefractive keratectomy [PRK]). 
Treatment with PTK and clinical mea- 
surements were essentially as described 
previously.” Before surgery, each patient 
was given 20 mg of oral diazepam (Valium), 
30 mg of codeine phosphate, and retrobul- 
bar injection of 0.5% bupivacaine hydro- 
chloride (Marcaine) and 2% lidocaine hydro- 
chloride. After application of topical 
proparacaine hydrochloride, an area of epi- 
thelium just larger than the desired abla- 
tion area was mechanically removed (cases 
1 and 2). The laser pulse repetition rate was 
5 per second and the fluence was 160 
mJ/cmř in each case. Other variables in the 
laser treatment are listed in the Table. 


Histopathologic Study 


The corneal buttons were immediately 
fixed in buffered 2.5% gluteraldehyde. Fol- 
lowing gross inspection, the corneas were 
bisected. One portion was processed for 
examination by light microscopy, and the 
other was prepared in a standard fashion 
for transmission electron microscopy. 


Report of Cases 


CASE 1.—A 33-year-old woman with cor- 
neal clouding due to bilateral macular dys- 
trophy was referred to us for consideration 
for penetrating keratoplasty in the right 
eye. She was experiencing marked glare 
disability. Her best corrected visual acuity 
was 20/70, which decreased to 20/300 with 
the medium-light brightness acuity test. 
Superficial stromal opacities were present, 
and the remainder of the cornea had a 
diffuse haze (Fig 1, top). The patient under- 
went excimer laser ablation to remove the 
anterior stromal opacities in a 5.5-mm cen- 
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tral zone, with a 0.5-mm transition zone and 
a central maximum depth of 50 pm. After 
the procedure, she was given a 1-mg sub- 
tenon injection of dexamethasone sodium 
phosphate (Decadron); the eye was patched 
with topical dexamethasone and gentamicin 
sulfate ointments for 4 days, and was fur- 
ther treated with dexamethasone ointment 
once daily for 4 weeks. 

The patient reported pain on the evening 
after the laser therapy. The corneal epithe- 
lium was 80% healed on day 3 and was 
completely healed on day 10. One month 
after treatment, there was persistent dif- 
fuse stromal haze due to residual macular 
corneal dystrophy. For the next several 
months, the patient’s visual acuity was 
20/50. There was no recurrent erosion. Al- 
though the anterior stromal opacities had 
been removed, the diffuse haziness per- 
sisted in the deep stroma (Fig 1, bottom). 
Although visual acuity improved from 20/70 
to 20/50, this was not sufficient to meet the 
patient’s visual needs. Six months after 
laser ablation, she underwent penetrating 
keratoplasty. 

CASE 2.—A 43-year-old woman with bi- 
lateral keratoconus had had penetrating 
keratoplasty at ages 21 years (right eye) 
and 24 years (left eye). She had tolerated 
contact lenses well for 12 years, with visual 
acuity in the range of 20/60 OD and 20/50 
OS. She gradually had increasing difficulty 
in maintaining her left contact lens in place. 
The keratometry measurements were ir- 
regular, but approximated 45.00 at 14° and 
53.00 at 95°. The patient appeared to have 
recurrent keratoconus in the graft. With a 
manifest refraction of -—14.75 +6.00 
x 105°, her visual acuity was 20/100. On 
examination, the cornea was steep with a 
mild central haze (Fig 2, top left). In 1989, 
she underwent excimer PRK in the left eye. 
A 5.0-mm central zone was treated, with 
gradual tapering centrally to produce a 
—8.00 dioptric correction. After surgery, 
she was given a 1-mg subtenon injection of 
dexamethasone, and the eye was patched 
with dexamethasone and gentamicin oint- 
ments for 4 days, then further treated with 
dexamethasone ointment twice daily for 
5 weeks, 

On postoperative day 1, the patient re- 
ported photophobia that resolved on day 3. 
By day 7, the epithelium was completely 
healed. Two months after the procedure, 
her visual acuity with a contact lens and an 
overcorrection was 20/70. Keratometry 
readings were 41.50/49.25 at 100°. The cor- 
nea appeared less steep (Fig 2, top right). 
No epithelial erosion occurred. At the 6- 
month visit, she reported a gradual de- 
crease in visual acuity. Her myopic correc- 
tion regressed to near her pretreatment 
level, and there was an increase in sub- 
epithelial haze in the area of laser treat- 
ment (Fig 2, bottom). Nine months after 
laser treatment, the patient underwent a 
repeated keratoplasty in the left eve. Her 
preoperative visual acuity was 20/80 with a 
rigid contact lens. 

CASE 3.—A 71-year-old man was initially 
seen at the Wilmer Institute (Baltimore, 
Md) in 1976 for Cogan’s corneal dystrophy 
and Pseudomonas corneal ulcer in the right 
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Fig 1.—Case 1. External appearance of eye of patient with macular dystrophy before (top, left 
and right) and 4 months after (bottom, left and right) excimer phototherapeutic keratectomy. The 
anterior opacities decreased after laser ablation, but the diffuse haze persisted. 


eye. In late 1989, he was referred back for 
consideration for penetrating keratoplasty 
to treat a corneal scar in the same eye. His 
visual acuity was 20/60 OD and 20/25 OS. 
The corneal thickness in the right eye was 
0.49 mm, which included a 0.22-mm anteri- 
or sear (Fig 3, top left). An attempt was 
made to improve his vision by removing an 
anterior portion of the scar with excimer 
laser ablation. He underwent excimer PTK 
in the right eye in a 5.5-mm central zone, a 
0.5-mm transition zone, and to a depth of 
113 um. After surgery, he was given a 
subtenon injection of dexamethasone 
(1 mg), chloramphenicol (Chloromycetin) 
and gentamicin ointments, and a patch. He 
was treated with dexamethasone ointment 
twice daily for 5 weeks. 

On postoperative day 1, the patient expe- 


rienced some foreign body sensation. By 
day 8, the epithelium had completely 
healed. Ten weeks after laser treatment, 
visual acuity was 20/50, with a correction of 
+14.0 +3.75 = 162°. An anterior stromal 
haze was present (Fig 3, top right). At the 
5-month postoperative visit, the patient's 
visual acuity remained 20/50 with a + 10.25 
+5.50 145° correction. Keratometry 
readings were less than 30 diopters. Some 
residual anterior stromal haze from the 
original scar remained. No epithelial ero- 
sion occurred. Ten months after laser treat- 
ment, the hyperopia had further decreased, 
with keratometry readings of 34.0 and 36.0 
x 130° and a manifest refraction of +8.75 
+2.25 x 130°. However, there was a persis- 
tent stromal haze (Fig 3, bottom), and 
visual acuity did not improve beyond the 
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Fig 2.—Case 2. External appearance 
of eye of patient with recurrent kerato- 
conus in a graft before (top left), 2 
months after (top right), and 6 months 
after (bottom) excimer photorefractive 
keratectomy. Central flattening oc- 
curred after laser ablation, but hazi- 
ness developed in the area of 
treatment. 





Fig 3.—Case 3. Appearance of corneal scar- 
ring after a healed Pseudomonas ulcer, be- 
fore (top left), 2'/2 months after (top right), and 
10 months after (bottom) superficial laser ab- 
lation. Most of the central scarring was re- 
moved by laser treatment, but a large central 
area of haziness was present 10 months 
later. 
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20/50 level. Eleven months after excimer 
ablation, the patient underwent penetrat- 
ing keratoplasty. 

CASE 4.—A 20-year-old woman had been 
periodically observed since 1979 for bilater- 
al band keratopathy and cataracts. She also 
had a history of bilateral uveitis associated 
with juvenile rheumatoid arthritis. In 1979, 
she underwent removal of the band kera- 
topathy and cataract in the right eye. Over 
the years, the band keratopathy recurred, 
with the development of anterior stromal 
scarring (Fig 4, left). In 1989, the patient 
underwent two consecutive excimer laser 
PTKs to a central depth of 100 um to 
remove the anterior stromal scar in an 
attempt to lessen the density of the scar. 
Her preoperative visual acuity was 20/300 
and the corneal thickness was 0.65 mm 
centrally, which included 0.2 mm of anterior 
scar. After surgery, she was given a sub- 
tenon injection of dexamethasone (1 mg), 
topical gentamicin and chloramphenicol 
ointments, and a patch. She was subse- 
quently treated with dexamethasone oint- 
ment twice daily for 6 weeks. 

In the first 2 postoperative days, the 
patient complained of moderate eye pain 
and photophobia. On day 2, the epithelium 
was completely healed. At 6 weeks, there 
was some clearing of the central cornea 
with some residual corneal scar. Visual 
acuity improved, with aphakic correction to 
20/80. No epithelial erosion occurred. Four- 
teen months after laser treatment, the man- 
ifest refraction was +16.50 +1.50 x 180°, 
and with a hard contact lens correction 
visual acuity was 20/100. Her potential visu- 
al acuity before PTK was 20/80 limited by 
macular edema. There was residual stromal 
haze centrally (Fig 4, right). The central 
corneal thickness was 0.66 mm on pachy- 
metry. Fifteen months after laser ablation, 
the patient underwent penetrating kerato- 
plasty and posterior chamber intraocular 
lens placement. 


RESULTS 


Case 1.—Light microscopic exami- 
nation revealed a cornea with thick- 
ened epithelium centrally in the area of 
ablation; Bowman’s membrane and su- 
perficial stroma were absent. The re- 
maining part of the superficial stroma 
was moderately scarred. Mucopolysac- 
charide deposits (alcian blue-positive) 
consistent with features of macular 
dystrophy were present through the 
stroma, in Descemet’s membrane, and 
in the endothelium. The stroma was 
thinned to 0.30 mm centrally. Desce- 
met’s membrane was intact and mod- 
erately thickened, and had multiple 
posterior nodular excrescences. There 
were 12 endothelial nuclei per high- 
power field. 

Electron microscopic evaluation 
showed newly formed epithelial base- 
ment membrane, except in a few focal 
areas, within the ablated zone. Bow- 
man’s membrane was absent. The su- 
perficial stroma (12 um) was scarred, 
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Fig 4.—Case 4. External appearance of cornea with scarring before (left) and 14 months after 
(right) laser ablation. Some clearing occurred in the visual axis after laser treatment. 
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Fig 5.—Case 1. The superficial 15-um stroma 


with an increased number of fibro- 
cytes, and the collagen matrix had lost 
its lamellar structure (Fig 5). The col- 
lagen fibers were variable in thickness, 
ranging from 17 to 28 nm. Intracyto- 
plasmic vacuoles containing fibrogran- 
ular materials were present in the 
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(between arrows) is scarred, with numerous 
elongated fibrocytes and loss of lamellar structure. Just posterior to the area of ablation there is 
mild scarring, partial loss of lamellar structure, and increased numbers of fibrocytes, some of 
which contain fibrinogranular material (arrowheads) (original magnification x 2000). 


keratocytes. The superficial fibro- 
cytes, however, had little or no inclu- 
sions. A similar but somewhat more 
electron-dense extracellular material 
surrounded some keratocytes. Degen- 
erated keratocytes were evident in the 
deep stroma. Numerous vacuoles of 


varying diameter (0.13 to 0.30 pm) 
were present in the anterior third of 
Descemets membrane, a feature of 
macular dystrophy. Some of the vacu- 
oles contained polymorphic, electron- 
dense materials. Posterior nodularities 
were present in Descemet’s mem- 
brane. Vacuoles containing fibrino- 
granular materials were evident in the 
endothelial cells. 

Case 2.—The epithelium was of 
variable thickness. Centrally, there 
was a 3.9-mm area with Bowman’s 
layer absent and a thin fibrocellular 
layer of scar tissue present superficial- 
ly. The anterior portion of the scar was 
loosely arranged with a microcystic 
appearance; the posterior portion was 
compact. The corneal thickness was 
about 0.4 mm in this area. Descemet’s 
membrane was of normal thickness, 
with four endothelial nuclei per high- 
power field. 

Electron microscopic examination of 
the area of laser ablation disclosed 
normal epithelial cells, basement mem- 
brane with multiple discontinuities, 
absence of Bowman’s membrane, and 
superficial stromal scarring. Multiple 
layers of epithelial basement mem- 
brane were present. The superficial 
stroma had a variably thick (10 to 
15 wm) area of scarring, with numer- 
ous markedly elongated fibrocytes con- 
taining variable amounts of rough en- 
doplasmic reticulum. These cells were 
interspersed in a matrix of somewhat 
randomly oriented, fairly uniform col- 
lagen fibrils measuring 25 to 30 nm in 
diameter. The posterior stroma under- 
lying the scarred area as well as the 
stroma in the nonablated area con- 
sisted of normally arranged lamellar, 
uniform collagen fibrils 22 nm in diam- 
eter. Descemet’s membrane had a 
thickness of 4.5 um. The endothelial 
cells were attenuated. 

CasE 3.—The epithelium was cen- 
trally thickened in the zone of laser 
ablation, and Bowman’s membrane 
was absent. The superficial stroma 
was mildly scarred, with increased cel- 
lularity and loss of the normal lamellar 
structure. Projections of the basal lay- 
er of the epithelium were present in 
the scarred tissue. The stroma was 
reduced in thickness centrally 
(0.2 mm) and few vessels were present 
in the midstroma in the periphery. 
Descemet’s membrane was intact, and 
the endothelium contained nine nuclei 
per high-power field. 

The thickened epithelium had a nor- 
mal basal layer. The superficial epithe- 
lial cells (Fig 6, top) lacked well-de- 
fined intracytoplasmic organelles, and 
the cytoplasm contained a moderate 
amount of granular material, especial- 
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Fig 6.—Case 3. Top, Epithelial cells (arrows) superficial to the basal 
layer lack well-defined cytoplasmic organelles and contain a moderate 
amount of granular material around the nucleus. Bottom, Duplication 
(arrowheads) of epithelial basement membrane, and randomly pre- 
sented subepithelial collagen with a diameter of 22 to 40 nm (original 
magnification x 44 000). 


Fig 8.—Case 3. Discrete linear, electron- 
dense, collagenlike fibers in the posterior as- 
pect of Descemet's membrane underlying the 
ablated zone (arrows and inset). Foci of wide- 
ly spaced collagen (arrowhead) are present in 
the posterior aspects of the membrane (origi- 
nal magnificaton x 6000; inset, x 60 000). 
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Fig 7.—Case 3. Top, Margin of laser ablation with abrupt termination 
(arrows) of superficial collagen bundles in a stepwise configuration 
(original magnification x 2250). Bottom, Higher-power view of an area 
of disruption of a bundle of collagen (between arrows) and focal 
discontinuities of the epithelial basement membrane. Little reparation 
ofthe stroma takes place in this area (original magnification x 22 000). 
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Fig 9.—Case 4. Top, Steplike discontinuities (arrows) of superficial collagen bundles near the 
margin of laser ablation (original magnification x 3100). Bottom, Higher power shows abrupt 
discontinuity of collagen bundle with no apparent production of new collagen. Epithelium fills in 


the defect (original magnification x 11 000). 


ly around the nucleus. Basement mem- 
brane was present, with multiple focal 
discontinuities. Bowman's layer was 
absent. In some areas of the ablated 
zone (Fig 6, bottom) there was duplica- 
tion of the epithelial basement mem- 
brane. At the margin of laser ablation 
(Fig 7), superficial collagen bundles 
terminated abruptly in a stepwise con- 
figuration. In the center of the treated 
areas, the normal lamellar structure 
was lost to a variable depth of anterior 
stroma (5 to 25 ym). In this scarred 
area, there was an increased number 
of fibrocytes and the collagen fibers 
measured 22 to 40 nm in diameter. 
Cellular debris and some apparently 
degenerated cells were present in 
some superficial areas of the scar. 
Deeper in the stroma, the lamellar 
structure was preserved, and collagen 
fibers uniformly measured 30 nm in 
diameter. Descemet’s membrane had a 
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thickness of 10 xm. In the posterior 
aspect of Descemet’s membrane un- 
derlying the ablated zone (Fig 8), dis- 
crete electron-dense, collagenlike fi- 
bers were arranged in a_ linear 
configuration parallel to the posterior 


surface. Mild vacuolization of the 
endothelial cytoplasm was present 
diffusely. 


Case 4.—The epithelium was vari- 
ably thickened and Bowman’ layer 
was absent. The superficial stroma 
was moderately scarred with increased 
cellularity and loss of the normal lamel- 
lar structure. The stroma measured 
0.6 mm centrally, and Descemet’s 
membrane was intact. The endotheli- 
um was in place, with 13 nuclei per 
high-power field. 

Ultrastructural studies of the area of 
ablation showed the epithelium to be 
thickened and the basement mem- 
brane normal. Bowman's layer was 


absent. At the junction of the ablated 
zone (Fig 9), superficial collagen bun- 
dles abruptly terminated in a stepwise 
configuration. Within the anterior 16- 
to 40-um area of the ablated zone, 
there was an increased cellularity and 
loss of normal lamellar structure. 
Here, the collagen fibers measured 28 
to 48 nm in diameter. The lamellar 
structure, consisting of collagen fibers 
28 nm in diameter, was preserved in 
the remainder of the stroma. Desce- 
mets membrane measured 12 pm 
in thickness. The endothelium was 
unremarkable. 


COMMENT 


This report describes the histopath- 
ologie findings after superficial ex- 
cimer PTK laser ablation in human 
corneas. Reepithelialization of the ab- 
lated zone was found to occur with 
variable thickening, and in some areas 
the basal layer projected into the su- 
perficial stroma, attempting to fill in 
minute stromal defects. This is possi- 
bly related to the depth and/or irregu- 
larities of the surface of the underlying 
stroma.’ No epithelial erosions oc- 
curred, consistent with studies in mon- 
keys.” Formation of new basement 
membrane was virtually complete 
(greater than 95%), although multiple 
areas of discontinuities were present, 
as previously observed in rabbits.* 
Moreover, duplicate layers of newly 
formed basement membrane also oc- 
curred. Bowman’s membrane was ab- 
sent in the ablated area. No epithelial 
erosion was observed. 

The precision of the excimer laser 
stromal ablation is well demonstrated 
by the abrupt termination and the 
relatively smooth edges of collagen 
bundles observed at the margin of 
ablation. There was scarring in the 
remaining 10- to 15-um area of superfi- 
cial stroma in the two corneas (cases 1 
and 2) without scarring before laser 
treatment. In the patients with previ- 
ous scarring (cases 3 and 4), the 
postablation scarring and preexisting 
scar were difficult to distinguish. Ker- 
atocytes containing fibrinogranular 
material remained in the deep stroma, 
where some degenerated keratocytes 
were evident (case 1). Otherwise, the 
changes in stromal collagen were lim- 
ited to the anterior scarring within the 
ablated zone. In the posterior portion 
of Descemet’s membrane (case 3), col- 
lagenlike fibers were arranged in a 
linear configuration parallel to the pos- 
terior surface of the membrane. Al- 
though we observed this feature in 
only one case, we believe it to be 
related to laser ablation. These struc- 
tures may be similar to the material 
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observed by Gaster et al” and by Han- 
na et al’ in Descemet’s membrane in 
rabbits. 

The four patients in this study un- 
derwent penetrating keratoplasty 6 to 
15 months after laser treatment, be- 
cause of no substantial visual improve- 
ment. Central superficial stromal scar- 
ring in the zone of laser ablation was a 
factor in preventing significant im- 
provement. In the patient with macu- 
lar dystrophy (case 1), laser ablation 
was clinically successful in eliminating 
most of the anterior stromal opacities. 
However, residual stromal haze and 
superficial scarring prevented signifi- 
cant improvement of vision. In the two 
cases of prior corneal scarring (cases 3 
and 4), residual scars deeper in the 
stroma and laser-induced superficial 
scarring were important factors in 
the lack of appreciable visual 
improvement. 

Scarring after lamellar keratectomy 
is an important issue in both refractive 
and therapeutic indications. As yet, 
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there is no reliable method to control 
its development. Goodman et al” ob- 
served that ablation of rabbit cornea to 
a depth of less than 50 um was associ- 
ated with an absence of scarring for up 
to 8 weeks. In all four cases examined 
here (50- to 113-um ablation depth), 
there was anterior stromal scarring. 
The amount and the thickness of scar 
were similar in the two cases without 
prior scarring; one patient was treated 
with dexamethasone ointment once 
daily for 4 weeks (case 1), and the 
other, twice daily for 5 weeks (case 2). 
Previous reports have noted a variable 
thickness of scarring in the absence of 
steroid treatment. Scarring up to 5 pm 
was noted by Goodman et al," and up to 
20 um by Hanna et al.’ The degree of 
anterior stromal scarring could be di- 
rectly related to the time required for 
overlying reepithelialization to occur. 
For instance, we noted slightly more 
scarring in the more central aspect of 
the ablated zones (cases 1 and 2); this 
may be due to the delayed reepitheli- 
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alization of the most central areas, 
requiring up to 7 to 10 days. Whether 
the time course of reepithelialization, 
ablation depth, smoothness of ablated 
surface, use of anti-inflammatory 
agents, or other factors can adequately 
control epithelial hyperplasia and scar- 
ring, and thus postoperative corneal 
opacity, awaits further study. 

We have described in this report the 
clinicopathologic correlations for four 
of the first 25 patients who underwent 
PTK in our study. All 25 patients were 
initially referred for consideration for 
penetrating keratoplasty, and were se- 
lected for PTK as a possible alterna- 
tive. Our data indicate that 71% of 
these patients achieved improvement 
of visual function after PTK, with an 
average follow-up of 8 months (range, 
3 to 12 months). The four patients 
described herein failed to achieve suffi- 
cient visual improvement to avoid the 
need for keratoplasty. 
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Large-Cell Acanthoma of the Eyelid 


Report of Two Cases 


Patricia Chévez, MD; James R. Patrinely, MD; Ramon L. Font, MD 


e We describe two cases of large-cell 
acanthoma that involved the skin of the 
upper eyelid. Patient 1 was a 71-year-old 
white man with a pale, well-demarcated 
papillomatous plaque of 3 months’ dura- 
tion. Patient 2 was a 62-year-old white 
man with a sharply demarcated plaque- 
like thickening of the pretarsal skin in- 
volving the eyelid margin of 2 years’ 
duration. In both cases, the histopatho- 
logic findings were similar and showed 
an abrupt transition at the edge of the 
lesion between the normal epidermis and 
the acanthotic plaque, which displayed 
hyperkeratosis, hypergranulosis, and fo- 
cal parakeratosis. The localized epider- 
mal thickening showed enlarged kerato- 
cytes that appeared twice their normal 
size. To our knowledge, this is the first 
report of large-cell acanthoma involving 
the eyelid. 

(Arch Ophthalmol. 
1434) 


1991;109:1433- 


[2 1970, Pinkus'’ first described large- 

cell acanthoma (LCA) as a benign 
epidermal neoplasm. Both clinically 
and histopathologically, the edge of the 
lesion is sharply demarcated from the 
adjacent normal epidermis. The epi- 
dermal thickening is due to enlarged 
keratinocytes that are at least twice 
their normal size. Islands of orthokera- 
totic epidermis with either a normal or 
papillomatous configuration are also 
observed. Dermal inflammation is 
variable and of little diagnostic signifi- 
cance. The clinical appearance of LCA 
is similar to that of actinic keratosis or 
seborrheic keratosis. Since the original 
description by Pinkus, 16 additional 
cases of LCA have been reported, 
including cases of solitary’ and multi- 
ple lesions,’* as well as its possible 
relationship to Bowen’s disease.” Some 
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authors have also suggested that LCA 
is a variant of actinic keratosis." To our 
knowledge, none of the reported cases 
involved the skin of the eyelids. We 
describe herein the clinical and histo- 
pathologic features of two cases of 
LCA involving the upper eyelid. 


PATIENTS AND METHODS 


We examined 85 eyelid lesions previously 
diagnosed during the past decade as various 
types of keratoses. We found 28 cases of 
actinic keratosis, 48 cases of seborrheic 
keratosis, six cases of acanthomas, and 
three cases of Bowen’s disease. We were 
able to find only one additional case of LCA 
among the 85 lesions involving the skin of 
the eyelids. This case had been previously 
classified as actinic keratosis. 


REPORT OF CASES 


CASE 1.—A 71-year-old white man had a 
lesion of the right upper eyelid of 3 months’ 
duration. Clinically, it appeared as a pale, 
well-demarcated papillomatous plaque. The 
clinical diagnosis was benign keratosis. An 
excisional biopsy was performed. 

Microscopically, the epidermis demon- 
strated a sharply demarcated area of acan- 
thosis with hyperkeratosis, focal parakera- 
tosis, and hypergranulosis (Fig 1). The 
plaque was well demarcated and revealed 
hyperplastic keratinocytes with proportion- 
al enlargement of their nuclei and cyto- 
plasm compared with the size of the kera- 
tinocytes within the normal epidermis at 
the edge of the lesion (Fig 2). Similar 
involvement of the outer sheath epithelium 
of the hair follicles was also observed. The 
superficial dermis showed moderate lym- 
phoplasmacytic infiltrates. 

CASE 2.—A 62-year-old white man was 
first examined in May 1990 for a placoid 
lesion of the right upper eyelid associated 
with an ocular foreign body sensation of 2 
years’ duration. He had been self-treating 
the dry, scaly eyelid lesion with topical 
boric acid solution with mild relief. The 
patient’s medical history was negative for 
previous cutaneous malignancies or perio- 
cular trauma. 

Examination showed a pale, thick, waxy, 
hyperkeratotic, avascular plaque involving 
the pretarsal skin of the right upper eyelid 
and extending to the lid margin (Fig 3). The 
thickened epidermis at the eyelid margin 
had a corrugated configuration with pleats 
oriented perpendicularly to the margin (Fig 
4). The clinical diagnosis was hyperkeratot- 
ic plaque, possibly secondary to intraepithe- 
lial carcinoma (carcinoma in situ). 


A subtotal excisional biopsy, including 
the junction between the placoid lesion and 
the adjacent normal skin, was performed. 
The eyelid margin was sharply débrided 
and allowed to re-epithelialize spontaneous- 
ly. After surgery, the eyelid margin 
achieved a smooth configuration that 
caused less irritative symptoms. During the 
next year, the pretarsal eyelid skin slowly 
thickened and had an appearance similar to 
that observed initially. A second biopsy 
performed 1 year after surgery disclosed 
similar histopathologic findings. Because 
the patient has remained asymptomatic, no 
further resection has been performed. 

Microscopically, the epidermis displayed 
hyperkeratosis, irregular acanthosis, hy- 
pergranulosis, and patches of parakerato- 
sis. The rete ridges were elongated and 
club shaped with extensions into the upper 
dermis (Fig 5). There was dysplastic in- 
volvement of the infundibular portions of 
some of the pilosebaceous units (Fig 5). 
Occasional mitotic figures and dysplastic 
enlarged keratinocytes with large nuclei 
and prominent nucleoli were observed (Fig 
6). In some areas, the upper dermis con- 
tained scattered melanophages, an in- 
creased number of Civatte bodies (necrotic 
keratinocytes), and  lymphoplasmacytic 
infiltrates. 


COMMENT 


Clinically, LCA appears as a slightly 
keratotic, solitary lesion, usually 
smaller than 10 mm, whose morpholo- 
gic appearance resembles actinic kera- 
tosis, seborrheic keratosis, or Bowen’s 
disease. Multiple lesions in different 
anatomic locations have been reported. 
The sites of predilection include the 
following: the face (mostly the cheek) 
and neck in 40.5% of cases, the upper 
extremities in 30.4% of cases, the 
trunk in 17.3% of cases, and the lower 
extremities in 11.5% of cases.’ The 
ages of patients from different series 
ranged from 50 to 69 years,’ and there 
was a slight predominance in women.”* 

The histopathologic features are 
those of a benign epidermal lesion 
characterized by a sharply circum- 
scribed population of uniformly hyper- 
plastic keratinocytes. The epidermis is 
slightly to moderately acanthotic, and 
in some cases demonstrates papilloma- 
tosis. The keratin layer is wavy and 
orthokeratotic. The granular cell layer 
is usually prominent and the basal cell 
layer may be hyperpigmented but 
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Fig 1.—Case 1. Low-power view of the edge 
of the lesion showing the abrupt transition 
between the normal epidermis (on the left) 
and the acanthotic plaque on the right (hema- 
toxylin-eosin, original magnification x 40). 





a 


Fig 3.—Case 2. Clinical appearance of the 
lesion depicting a pale, thick, hyperkeratotic, 
and avascular plaque involving the pretarsal 
skin of the right upper eyelid. 





shaped and elongated and extend into the 
upper dermis. The infundibular portion of a 
pilosebaceous unit is involved in the dysplas- 
tic process (hematoxylin-eosin, original mag- 
nification x 40). 


without nesting or junctional activity. 
The basic lesion is composed of hyper- 
plastic, polygonal keratinocytes that 
are twice their normal size with pro- 
portional enlargement of their nuclei 
and cytoplasm. Occasionally, mitotic 
activity may be observed along with 
scattered dyskeratotic cells with an 
increased number of Civatte bodies. 
The epidermal rete ridges usually 
show downward budding or club- 
shaped elongation. The dermis con- 
tains focal lymphocytic infiltrates that 
may hug the basal layer of the epider- 
mis, mimicking the histologic features 






Fig 2.—Case 1. The epidermal thickening is 
composed of hyperplastic keratinocytes with 
proportional enlargement of their nuclei and 
cytoplasm (hematoxylin-eosin, original mag- 
nification x 100). 


Fig 4.—Case 2. The thickened epidermis ex- 
tends to the eyelid margin, which shows a 
corrugated pleated configuration. 





Fig 6.—Case 

ular acanthosis with hyperkeratosis, hyper- 
granulosis, occasional mitotic figures, and 
numerous enlarged dysplastic keratinocytes 
with scattered dyskeratotic cells (hematoxy- 
lin-eosin, original magnification x 100). 


observed in lichen planus-like kera- 
tosis.” 

The histogenesis of LCA has been 
controversial since Pinkus’ and, later, 
Rabinowitz’ described the lesion as a 
variant of actinic keratosis without 
tendency for malignancy. In contrast, 
Sanchez-Yus and coworkers’ proposed 
that this lesion may be a variant of 
Bowen’s disease. Fand and Pinkus’ 
studied a group of LCA lesions using 
the Feulgen stain and estimated the 
amount of DNA present in normal and 
abnormal nuclei in the same section. 
They concluded that LCA cells repre- 
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sent a population of stable and benign 
polyploid keratinocytes. 

Although LCA lesions are usually 
localized in sun-exposed areas, malig- 
nant transformation has not been re- 
ported, to our knowledge. Sanchez- 
Yus et al’ in their study of 14 cases of 
LCA found that the epidermal cells 
showed frequent disarrangement of 
malpighian cells with pleomorphic nu- 
clei, occasional dyskeratotic cells, and 
suprabasal mitoses as well as involve- 
ment of the dermal appendages. Based 
on these findings they concluded that 
LCA probably represents a cytologic 
variant of Bowen's disease. 

Arguing against the latter view is 
that the clinical course of LCA is non- 
progressive as observed in other be- 
nign keratoses. We found only two 
cases of LCA among 85 eyelid speci- 
mens that were initially classified as 
various types of benign keratoses. It is 
important to recognize LCA among 
the various benign and malignant kera- 
totic lesions of the eyelid because of its 
good prognosis, lack of malignant 
transformation, and characteristic clin- 
ical appearance forming a well-demar- 
cated flat or slightly elevated keratotic 
plaque. Histopathologically, the epi- 
dermal lesion is composed of enlarged 
mature keratinocytes that are well de- 
marcated from the surrounding normal 
epidermis. 

Since this manuscript was submitted 
for publication, we have evaluated an 
additional case of a patient with large- 
cell acanthoma of the eyelid. A 56- 
year-old white man presented with a 
lesion in his left medial canthus that 
had similar clinical features to those 
observed in patient 2. The histopatho- 
logic features were virtually identical 
to those seen in our two cases. 


This study was supported in part by grants 
from the Retina Research Foundation and the 
Lions Eye Bank, Houston, Texas, and Research 
to Prevent Blindness Inc, New York, NY. 
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Endothelial Protection and Viscoelastic Retention During 
Phacoemulsification and Intraocular Lens Implantation 


David B. Glasser, MD; David C. Osborn, PhD; Joanne F. Nordeen, MS; Yuan-I Min, MPH 


è Endothelial protection (measured by 
vital-dye staining and computerized pla- 
nimetry) and viscoelastic retention dur- 
ing phacoemulsification with and without 
traumatic lens implantation were as- 
sessed in a rabbit model comparing four 
viscoelastics (Healon, Amvisc Plus, Oc- 
cucoat, and Viscoat). No significant dif- 
ferences in cell damage were noted be- 
tween unoperated on controls and 
groups that underwent atraumatic pha- 
coemulsification with viscoelastic. Cell 
damage after traumatic lens insertion 
was reduced significantly by all four vis- 
coelastics. Cell damage with and without 
traumatic lens implantation was signifi- 
cantly lower when viscoelastics were re- 
tained. Viscoat and Occucoat were sig- 
nificantly more likely to be retained than 
Healon. 

(Arch Ophthalmol. 
1440) 


1991;109:1438- 


iscoelastic substances are used to 

protect the corneal endothelium 
during phacoemulsification and intra- 
ocular lens (IOL) implantation. The 
principal causes of cell loss during this 
procedure are endothelial contact with 
surgical instruments, the lens nucleus, 
lens fragments, air bubbles, and the 
IOL.” Therefore, a viscoelastic that 
remains in the anterior chamber might 
be expected to offer more protection 
than one that flows out of the eye 
during surgery. This hypothesis was 
supported by a recent comparison of 
Viscoat (Alcon, Fort Worth, Tex) and 
Healon (Kabi Pharmacia, Piscataway, 
NJ) in a controlled in vivo animal mod- 
el.” Both viscoelastics afforded signifi- 
cant protection compared with con- 
trols. Viscoat, which remained in the 
eye, provided greater protection than 
Healon. However, the degree of endo- 
thelial trauma in this study (an IOL 
pressed against the endothelium with a 
weight of 25 g) was greater than one 
would expect to encounter in most 
clinical situations. 
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The present study used a standard- 
ized rabbit model designed to approxi- 
mate the degree of trauma encoun- 
tered in a clinical setting. Vital-dye 
staining and computerized planimetry 
were used to compare endothelial pro- 
tection and viscoelastic retention dur- 
ing phacoemulsification with and with- 
out IOL insertion. 


MATERIALS AND METHODS 


Viscoelastics studied included Healon, 
Amvisc Plus (Iolab, Claremont, Calif), Oc- 
cucoat (Storz, St Louis, Mo), and Viscoat 
(Table 1). Eyes were randomized to under- 
go phacoemulsification alone (n=6 for each 
viscoelastic) or phacoemulsification with 
traumatic lens implantation (n= 10 for each 
viscoelastic). Controls for the phacoemulsi- 
fication alone groups included six unoper- 
ated on eyes. Eight eyes that underwent 
phacoemulsification and IOL insertion with 
balanced salt solution instead of viscoelastic 
served as controls for the traumatic lens 
implantation groups. Surgery was per- 
formed by one of us (D.B.G.). 

Rabbits were acquired and cared for in 
accordance with the National Institutes of 
Health Guide for the Care and Use of 
Laboratory Animals and the Association for 
Research in Vision and Ophthalmology 
Statement for the Use of Animals in Oph- 
thalmic and Vision Research. Animals free 
of ocular abnormalities were anesthetized 
with intramuscular ketamine hydrochloride 
(65 mg/kg of body weight) and xylazine 





Table 1.—Composition and Properties of Viscoelastics Tested 


Healon Plus 


hydrochloride (10 mg/kg of body weight) 
after pupillary dilation with 1% cyclopento- 
late hydrochloride and 2.5% phenylephrine 
hydrochloride. The irrigating solution con- 
tained 0.5 mL of epinephrine added per 
500 mL of balanced salt solution. 

A standardized surgical procedure was 
used in all cases. A 3.2-mm limbal stab 
incision was made. An assistant filled the 
anterior chamber with 0.25 mL of test 
solution in an attempt to mask the surgeon 
as to the identity of the viscoelastic sub- 
stance. A circular capsulorhexis was per- 
formed, and the nucleus was emulsified at 
80% power within the capsular bag. The 
phacoemulsification time was recorded. Ul- 
trasound was then continued at the level of 
the iris plane for a total of 2 minutes. 
Residual cortex was aspirated. Surgical 
comments, including the amount of bubble 
formation, were recorded by an assistant. 
There were no complications. 

Corneas were excised under microscopic 
control from eyes that underwent phaco- 
emulsification alone. Presence or absence of 
grossly visible viscoelastic was recorded at 
the time of corneal excision. The rabbits 
were killed with intracardiac injections of 
pentobarbital sodium-phenytoin sodium. 
The corneas were grasped peripherally 
with two forceps to minimize folding and 
were dipped in balanced salt solution to 
rinse off excess viscoelastic. The endotheli- 
um was Stained with trypan blue and aliza- 
rin red.” Color slides of each cornea taken 
with the use of light microscopy were print- 
ed at standard magnification. Areas of dam- 
aged cells were measured with a computer- 





Amvisc 





Occucoat Viscoat 











Hyaluronate sodium, mg/mL 


16.0 








Molecular weight, kd 
Chondroitin sulfate, mg/mL 
Molecular weight, kd 
Hydroxypropyl methylcellulose, mg/mL 
Molecular weight, kd 


























Arch Ophthalmol—Vol 109, October 1991 
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Table 2.—Percentage Cell Damage 


% Cell Damage (Mean + SD) 
ee ee) FE eee 
Phacoemulsification 
Alone 


Phacoemulsification 
and Intraocular Lens 











Healon 3.0 


+ 2.4 














5.9 + 5.2 




















Amvisc Plus t 
Occucoat 10+ 
Viscoat 1OLe 
Control * 07E 















= 
Bie Sia 
2:0 22 2.2 
37.5 + 9.8 








*Controls were unoperated on eyes for the phacoemulsification alone group and operated on eyes without 
viscoelastic for the phacoemulsification and intraocular lens group. 


Phacoemulsification 


Alone 
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% Cell 
Damage, 
Mean + SD 


Retention 


* Viscoelastic grossly visible during corneal excision. 


Table 4.—Time to Emulsify the Nucleus 
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Time, s (Mean + SD) 


Phacoemulsification and 
Intraocular Lens 


52.6 + 8.2 
43.2 + 7.2 









56.3 + 15.4 
54.5 + 20.9 





44.8 + 5.8 
48.6 + 12.8 
45.8 + 13.4 





*Controls were unoperated on eyes for the phacoemulsification alone group and operated on eyes without 
viscoelastic for the phacoemulsification and intraocular lens group. 


ized planimeter in a masked fashion. The 
percentage of damaged cells within the 
central 5 mm’ of each cornea was calculated 
by summing the areas of the damaged cells, 
dividing by 5 mm’, and multiplying by 100. 

The limbal wound was enlarged to 7 mm 
in eyes that underwent phacoemulsification 
with IOL insertion. A polymethylmethacry- 
late IOL with a 6.3-mm-diameter optic was 
inserted into the anterior chamber without 
placement of additional viscoelastic in the 
eye. A strain gauge was inserted posterior 
to the lens. The lens was pressed against 
the corneal endothelium until the gauge 
reading reached 5.0 g. This force was cho- 
sen because it is thought to simulate the 
degree of trauma caused by a momentary 
chamber collapse during surgery. The 
strain gauge and lens were removed. The 
corneas were excised, the rabbits were 
killed, and the endothelia were analyzed 
with vital-dye staining for cell damage as 
previously described. 

The percentage cell damage and visco- 
elastic retention data were log-transformed 
for statistical testing so that the distribu- 
tions were approximately normal. 

The mean percentage cell damage be- 
tween each viscoelastic agent and controls 
in both the phacoemulsification alone 
groups and the traumatic lens implantation 
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groups were compared with the two-way 
analysis of variance method. 


RESULTS 


Comparisons between the groups 
that underwent phacoemulsification 
alone (Table 2) were not significantly 
different from one another or from 
unoperated on controls (F[4,25]= 1.49, 
P=.23). Mean percentage cell damage 
after phacoemulsification with trau- 
matic lens implantation (Table 2) was 
significantly lower with each of the 
viscoelastics than in controls that un- 
derwent the procedure without visco- 
elastic (F[4,47] = 18.66, P=.0001). 

Pairwise comparisons in the phaco- 
emulsification with traumatic lens im- 
plantation groups with the use of a 
two-sided t test on log-transformed 
data found significantly less cell dam- 
age with each of the viscoelastic sub- 
stances compared with the no-viscoe- 
lastic controls (P=.0001). Pairwise 
comparisons with Healon showed sig- 
nificantly less cell damage with Occu- 
coat (P=.0191) and with Viscoat 
(P=.0218). Pairwise comparisons with 
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Amvise Plus showed trends toward 
less cell damage with Occucoat 
(P=.0716) and with  Viscoat 
(P=.0802). Because of the multiple 
pairwise comparisons, significance lev- 
els were adjusted with a modified Bon- 
ferroni multiple comparison proce- 
dure." This resulted in a loss of 
significant differences between the in- 
dividual viscoelastics. Cell damage 
with traumatic lens insertion in each of 
the four viscoelastic substance groups 
remained significantly less than in the 
no-viscoelastic substance controls 
(P=.0001) after adjustment of signifi- 
cance levels for multiple comparisons 
with the modified Bonferroni 
procedure. 

A t test was used to compare the 
mean percentage cell damage (log- 
transformed) between eyes that re- 
tained viscoelastic at the end of the 
procedure and those that did not (Ta- 
ble 3). Retention of viscoelastic was 
associated with significantly less cell 
damage for both phacoemulsification 
alone (t[22]=5.27, P=.0001) and for 
phacoemulsification with traumatic 
lens implantation (t(38] = 6.26, 
P=.0001). All eyes with 0.0% cell 
damage (n=14) had viscoelastic re- 
tained at the end of the procedure. 

The probability of viscoelastic reten- 
tion at the end of the procedure, com- 
bining cases with and without lens 
insertion (Figure), was compared with 
a x’ test. There was a statistically 
significant difference in retention 
probability among the four agents 
(x =18.05, df=3, P<.0001). Pairwise 
comparison using Fisher’s Exact Test 
established that Viscoat was retained 
more often than Healon (P= .0002) or 
Amvise Plus (P=.02) and that Occu- 
coat was retained more often than 
Healon (P=.01). Significance levels 
were adjusted for multiple pairwise 
comparisons with the modified Bonfer- 
roni procedure. Differences between 
retention of Viscoat vs Healon 
(P=.0012) and Occucoat vs Healon 
(P=.05) remained significant. 

Time required to emulsify the nucle- 
us was compared among the four vis- 
coelastics and controls (Table 4). No 
statistically significant difference was 
found in the phacoemulsification alone 
(F[8,20]=1.22, P=.83) or the lens in- 
sertion (F[4,43]=1.20, P=.33) group. 
There were no differences between the 
groups with respect to ease of phacoe- 
mulsification or bubble formation not- 
ed in the surgical comments. 


COMMENT 


This comparison of currently avail- 
able viscoelastics used a model of pha- 
coemulsification with and without 
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Amvisc Occucoat Viscoa' 
Plus 


Percentage of eyes with retained viscoelas- 
tic. Differences between groups were signifi- 
cant for Viscoat vs Healon (P=.0012) and 
Occucoat vs Healon (P = .05). N= 16 for each 
group. 


Healon 


traumatic lens implantation designed 
to mimic the degree of trauma that 
might be encountered in a clinical situ- 
ation. The use of vital-dye staining 
allowed evaluation of a relatively large 
area (5 mm’) of central endothelium, 
thereby minimizing sampling error. 

The study design was limited in that 
(1) only the central cornea was exam- 
ined and (2) only acute changes in the 
endothelium were observed. It is well 
established that cell loss during cata- 
ract surgery is greatest in the superior 
endothelium, where trauma is great- 
est.“" Thus, cellular migration and 
enlargement to repopulate areas of cell 
loss are greatest and occur first in the 
superior cornea. Endothelial cells in 
adjacent regions of the central cornea 
also migrate and enlarge as they are 
recruited for wound healing, but their 
maximum response is delayed until 1 
month after surgery.“ This study did 
not assess potentially important 
changes in the superior cornea or post- 
operative changes in the central cornea 
related to wound healing or other post- 
operative factors. This may explain 
why cell damage in the current study 
was less than postoperative cell loss 
reported in many clinical series. 

All four of the tested viscoelastics 
(Amvise Plus, Healon, Occucoat, and 
Viscoat) effectively prevented cell 
damage during phacoemulsification 
alone. While cell damage with Occu- 
coat and Viscoat (about 1%) was less 
than that with Amvisc Plus and Healon 
(about 3%), the differences were not 
statistically significant. 

Cell damage associated with phacoe- 
mulsification and traumatic lens inser- 
tion was markedly reduced by all four 
viscoelastics. Differences in cell dam- 
age between eyes that received Vis- 
coat or Occucoat (about 2.5%) and 
those that received Healon or Amvisc 
Plus (about 6%) trended toward but 
did not reach statistical significance, in 
part because of the multiple pairwise 
comparisons inherent in the study de- 
sign. Differences such as these may 
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not be clinically important in a normal, 
healthy eye. However, a cornea with 
compromised or borderline endothelial 
function is more susceptible to decom- 
pensation after surgical trauma. 

These results differ from those of a 
similar study in which cell damage was 
markedly less with Viscoat (19%) than 
with Healon (41%) after traumatic lens 
insertion.” The earlier investigation 
used a much higher strain-gauge read- 
ing (25 g vs 5 g) to press the lens 
implant against the cornea. Both stud- 
ies suggest that viscoelastic protection 
is more critical to endothelial survival 
in more traumatic cases. In a clinical 
series of atraumatic posterior chamber 
phacoemulsification and IOL insertion, 
Hoffer” was unable to detect a differ- 
ence in cell loss (12.5%) with or with- 
out sodium hyaluronate. Hoffer” and 
Bourne et al" both suggested that a 
viscoelastic’s greatest potential for 
protection is in particularly traumatic 
cases. 

For a viscoelastic to protect the en- 
dothelium, it must remain in the ante- 
rior chamber during surgery. Hammer 
and Burch" showed that a thin coating 
of a high-viscosity substance, such as 
hyaluronate sodium, does not protect 
the endothelium from the shear forces 
encountered during cataract removal 
and lens implantation. A thick layer 
must be maintained to prevent damage 
from both compressive (perpendicular) 
and shear (lateral) forces. Cell damage 
in the present study was significantly 
lower when grossly visible quantities 
of the viscoelastic were retained. Vis- 
coat and Occucoat were retained more 
frequently than Healon or Amvisc Plus 
(Figure). These results are consistent 
with those of a recent report by Craig 
et al" of air bubble-induced endothelial 
damage during phacoemulsification in 
human eye bank eyes in vitro. Cell 
damage in specimens using air plus 
Viscoat (0.3%) was significantly less 
than in specimens using air plus Hea- 
lon (4.9%). The authors attributed this 
difference to the ability of Viscoat to 
maintain a protective barrier during 
phacoemulsification, while the major- 
ity of Healon flowed out of the anterior 
chamber during the procedure. 

In most cases, the degree of trauma 
associated with phacoemulsification 
and lens implantation will be less than 
or similar to that used in the present 
report. All of the tested viscoelastics 
were capable of providing significant 
endothelial protection under such cir- 
cumstances. Retained  viscoelastics 
may trap air bubbles and lens frag- 
ments with the potential for reduced 
visibility, and they require more thor- 
ough aspiration for removal. However, 


in difficult cases or when greater trau- 
ma is encountered (perhaps unpredict- 
ably), it is advantageous to have a 
viscoelastic that will be retained 
throughout surgery. The extra protec- 
tion may reduce the risk of later corne- 
al decompensation. 
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from Storz Ophthalmics Ine, St Louis, Mo. 
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them. 
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Larger Optic Nerve Heads Have More Nerve Fibers 
in Normal Monkey Eyes 


Harry A. Quigley, MD; Anne L. Coleman, MD; Mary Ellen Dorman-Pease 


è The cup-to-disc ratio and the neural 
rim area are used to detect glaucoma 
damage to the optic nerve. Both parame- 
ters are dependent on the size of the 
optic disc and on the number of optic 
nerve fibers. We compared the size of the 
disc in fundus photographs with the 
number of nerve fibers in 25 normal 
monkey eyes. The number of fibers in- 
creased linearly with an increasing disc 
area. One must know the size of the optic 
disc to evaluate properly the cup-to-disc 
ratio or neural rim area. 

(Arch Ophthalmol. 
1443) 


1991;109:1441- 


We examine the optic disc in poten- 

tially glaucomatous eyes to judge 
whether there is a loss of nerve fibers. 
The most common parameter used to 
estimate the amount of neural tissue is 
the cup-to-dise ratio. The cup-to-disc 
ratio depends chiefly on the size of the 
disc and the number of optic nerve 
fibers. In normal eyes, there is consid- 
erable variation in the diameter of the 
nerve head.'” It was previously recog- 
nized’ that the larger the disc, the 
larger the cup. A cup-to-dise ratio of 
0.5 might be appropriate for a disc of 
greater than average size, but it would 
indicate a loss of nerve tissue in a small 
disc. 

To develop a clinical index of optic 
nerve fiber content that would be inde- 
pendent of disc diameter, some investi- 
gators measured the width’ or the area 
of the neural rim of the disc.” This 
approach, too, has major drawbacks. 
First, while the cup-to-dise ratio can 
be visually estimated, neural rim area 
measurements require fundus photog- 
raphy and planimetry or an image 
analysis system. More importantly, 
the neural rim area in normal eyes is 
not a constant, but it increases with an 
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increasing disc area. As with the cup- 
to-disc ratio, the rim area is, therefore, 
most useful when corrected for the size 
of the disc. 

The relationship between optic disc 
size and the number of optic nerve 
fibers is fundamentally important to 
our understanding of clinical measures 
of glaucoma damage. It has become 
evident that the number of nerve fi- 
bers per eye varies substantially in 
both monkey and human eyes." The 
neural rim area would be expected to 
vary similarly, but the fact that it 
increases with an increasing disc area 
suggests that fiber number and disc 
size are directly correlated. Alterna- 
tively, the amount of nonneural tissue 
of the nerve head may be greater in 
bigger discs, or the direct correlation 
between the neural rim area/disc area 
may be an artifact of image analysis 
methodology. 

Two previous reports failed to find a 
statistically significant correlation be- 
tween optic nerve fiber number and 
dise size in human eyes.""* However, 
human tissue inevitably suffers some 
portmortem autolysis, and both stud- 
ies attempted to measure disc size in 
the enucleated eye, since fundus pho- 
tographs were unavailable. We pre- 
sent estimations of optic nerve fiber 
number in 25 normal monkey eyes in 
which the disc features were measured 
from fundus photographs and in which 
the optic nerves were optimally pre- 
served by immediate tissue fixation. 


MATERIALS AND METHODS 


One normal eye of 25 cynomolgus mon- 
keys (Macaca fascicularis) was photo- 
graphed with a fundus camera (Nikon In- 
struments, New York, NY) (20 eyes), a 
retinal analyzer (Allergan-Humphrey, San 
Leandro, Calif) (eight eyes), or both, under 
standardized conditions that included intra- 
venous pentobarbital sodium anesthesia. 
These were the fellow eyes of experimental- 
ly glaucomatous eyes that were studied 
throughout a 5-year period, during which 
we switched from one camera system to the 
other with a period of overlap. 

We estimated the true size of the optic 
dise with the analysis of Littmann.” Its 
major assumption is that the Gullstrand 
schematie eye can be used as a surrogate 
for relating the true size of the disc to its 
image on color film (Nikon camera) or digi- 
tal images (Allergan-Humphrey analyzer). 
Three variables are most important: (1) 
axial globe length, (2) refraction, and (3) 


anterior corneal curvature. We measured 
the axial lengths of eight of the study eyes 
by A-scan ultrasonography. They were re- 
markably uniform, with a mean+SD length 
of 18.0+0.6 mm. This is three fourths as 
long as the average human eye.' The cyclo- 
plegic refraction of the normal, young mon- 
keys with a hard contact lens placed on the 
cornea during photography (to prevent cor- 
neal drying) was +1.6+0.4 diopters with 
this lens in place. Therefore, the major 
variables that affect image magnification 
were nearly identical among these eyes. 

In the Allergan-Humphrey system, the 
digital image of the disc margin was marked 
by a trained operator (M.E.D.-P.) to give 
the vertical and horizontal diameters. The 
reproducibility of this system was accept- 
able.’ For the eyes that were photo- 
graphed with the Nikon camera, we mea- 
sured the size of the optic disce and cup 
vertically and horizontally from the 35-mm 
film with a micrometer. The margin of the 
cup was taken as the point of maximum 
slope change by visual estimation. The disc 
area and neural rim area were calculated 
for both types of images by treating the disc 
as an oval with these major and minor 
diameters. Ten repeated measurements on 
seven discs in masked fashion and random 
sequence showed a mean coefficient of vari- 
ation of less than 1%. To standardize the 
measurements of eyes that were photo- 
graphed with the Allergan-Humphrey ana- 
lyzer and those eyes that were photo- 
graphed with the Nikon camera, we 
measured three eyes that were photo- 
graphed on both instruments. All Nikon 
photographic measurements were corrected 
by a factor that equated them to the Aller- 
gan-Humphrey estimate. 

For all measurements, the limits of the 
disc were taken as the inside margin of the 
first pigmented tissue at the neural rim 
margin. The scleral flange or halo, when 
present, was excluded. 

It is possible, however, that the analysis 
of Littmann” is either incorrect for (some) 
human eyes or is inappropriate for monkey 
eyes. Therefore, in a study that will be 
reported separately (unpublished data, May 
1990, A.L.C., H.A.Q., and Julia Haller, 
MD) we measured to the nearest 0.01 mm 
the dimensions of metal retinal tacks that 
are used in retinal reattachment surgery. 
One of these was placed into the retina near 
the optic disc in each of two monkey eyes by 
a pars plana approach and photographed 
with the retinal analyzer to calibrate its 
magnification (unpublished data, May 1990, 
A.L.C., H.A.Q., aand Julia Haller, MD). 
The true size of various dimensions of the 
tack was 77.8% of that calculated by the 
method of Littman.” The optic dise data 
presented here are the estimates given by 
the Allergan-Humphrey instrument multi- 
plied by this factor. 
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Fig 1.—There is a significant relationship be- 
tween the number of optic nerve fibers and 
optic disc area in 25 normal monkey eyes 
(linear regression, r=.47, P<.05). The slope 
is 628 000 fibers per square millimeter disc 
area. 


The number of nerve fibers was estimat- 
ed from light microscopical cross sections of 
the retrobulbar, myelinated optic nerve by 
our reported method.” Seven of the nerves 
included here were part of a prior report of 
fiber counts,” while 18 nerves have been 
previously unreported. None of the optic 
dise photographic data have been presented 
before. The system multiplies the area of 
nerve bundle tissue 1 to 3 mm behind the 
eye times the density of myelinated fibers 
within bundles at 64 locations. Animals 
were killed while they were under deep 
anesthesia by exsanguination. Tissues were 
fixed by arterial perfusion of buffered alde- 
hydes and secondarily fixed in buffered 
osmium tetroxide. These experiments were 
approved and monitored by the Animal 
Care and Use Committee of The Johns 
Hopkins University School of Medicine, 
Baltimore, Md, and followed the Associa- 
tion for Research in Vision and Ophthalmol- 
ogy Guidelines for Use of Animals in 
Research. 

For comparison with the monkey data, 
we include here data from 16 normal human 
eyes that were obtained from an eye bank 
and studied histologically.” The details of 
the preparation of these eyes has been 
presented; in brief, cross sections of the 
nerve head were quantitatively analyzed 
for the amount of the tissue occupied by 
pores that contained nerve bundles at the 
level of the scleral lamina cribrosa. The 
overall area of each nerve head was also 
measured. Here, we relate the pore (nerve 
bundle) area to the disc area and compare 
this relationship with that of the fiber num- 
ber to the disc area in the monkey material. 


RESULTS 


The mean (+SD) disc area of the 25 
eyes was 1.39+0.22 mm’. The mean 
(+SD) neural rim area was 1.26+0.20 
mm”. The mean+SD vertical cup-to- 
disc ratio was 0.24+0.14. The mean 
(+SD) number of optic nerve fibers 
was 1.174million + 292 000. This is sim- 
ilar to the mean and SD of the optic 
nerve fiber number in monkeys that 
we previously reported.* 
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Fig 2.—There is no significant relationship 
between the optic disc size and the density of 


fibers in the myelinated optic nerve, 2 mm 
behind the eye (r=.1, P<.05). 


The fiber number was significantly 
related to the disc area in a direct, 
linear fashion (Fig 1, r=.5, P<.05, 
df=23). This was true for both the 
discs that were photographed with the 
Nikon camera and with the Allergan- 
Humphrey system, although the sig- 
nificance level was greater with the 
data from both combined. The neural 
rim area was highly correlated with 
the dise area (r=.85, slope=0.94, 
P<.001). This was, of course, expected 
from the small size of most cups (the 
smaller the cup-to-dise ratio, the more 
closely the neural rim area would ap- 
proximate the disc area). Hence, the 
neural rim area to fiber number rela- 
tionship had a similar slope to that of 
the disc area to fiber number 
relationship. 

The mean+SD density (fibers per 
unit area of nerve bundle tissue) was 
233 547 + 65 513 fibers per square milli- 
meter. The density was not significant- 
ly related to size of the disc (Fig 2, 
r=.1, P>.05). The neural area (the 
area of nerve bundles of the retrobul- 
bar nerve) was significantly related to 
the fiber number (7=.78, P<.001). 

The vertical cup-to-dise ratio in- 
creased with an increasing disc area, 
but the slope was not quite significant 
by linear regression (r=.33, P>.05). 

In the human eyes that were ob- 
tained from an eye bank, the total pore 
(nerve bundle) area within the nerve 
head increased significantly with an 
increasing optic disc area (Fig 3, 
r=.90, P<.001, df=14). The pore area 
within the nerve head was not avail- 
able for the monkey eyes, since the 
discs were utilized for other experi- 
ments. However, the nerve bundle 
area in the immediately retrobulbar 
nerve was highly correlated with the 
dise area in the monkeys (r=.53, 
P<.01). 
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Fig 3.—Data calculated from a previously 
published report'® demonstrate a significant 
relationship between the area of nerve bun- 
dles and disc area in histological cross sec- 
tions of 16 normal human eyes (r=.9, 
P<,001). 


COMMENT 


The neural rim of the optic disc as 
seen clinically and in fundus photo- 
graphs is that portion of the optic 
nerve head anterior to the scleral lami- 
na cribrosa. This tissue contains arter- 
ioles and venules, capillaries in which 
the lumina occupy less than 3% of the 
tissue volume," scant collagenous con- 
nective tissue," and astrocytic glia 
that occupy less than 15% of the tis- 
sue.” Human eyes have differences in 
the rim area between smaller and larg- 
er discs of greater than 100%.** It was 
intuitively very unlikely, therefore, 
that differences in nonneural compo- 
nents explained the relationship be- 
tween the neural rim area and disc 
area. 

Our results support the concept that 
the increase in the neural rim area 
with an increasing disc area is due to a 
greater number of optic nerve fibers. 
While we counted the fiber number 
just behind the disc, it is extremely 
likely that this estimate accurately re- 
flects the number of fibers within the 
nerve head itself less than 2 mm away. 
Actual counts of (unmyelinated) fibers 
within the nerve head are technically 
much more difficult, and to our knowl- 
edge, no reproducible system for doing 
so has been published. Since the densi- 
ty of nerve fibers is relatively constant 
with different disc sizes, it is not sur- 
prising that the nerve bundle area of 
the monkey retrobulbar optic nerve is 
highly correlated to the optic disc area. 

One may also question whether mon- 
keys differ from humans in the fiber/ 
disc area association. Monkeys are 
very similar to humans in the approxi- 
mate number of fibers, their mean size 
and density, the size and shape of the 
disc, and the composition of nerve head 
connective tissues.*” Monkey eyes also 
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Fig 4.—From reported data, this graph 
shows calculated curves of the neural rim 
area (triangles) and the cup-to-disc ratio 
(squares) against the disc area. While the rim 
area shows a linear relationship at all disc 
sizes, the cup-to-disc ratio begins at zero and 
rapidly increases to an asymptote near 0.6 at 
disc areas greater than 3.0 mm’. This is a disc 
area larger than three fourths of all normal 
discs. (For this analysis, it was assumed that 
the slope of the rim area/disc area was 0.5.°) 


have a strong relationship between the 
neural rim area and disc area. In addi- 
tion, the nerve bundle area within the 
human nerve head is directly correlat- 
ed with the disc area in histological 
sections of normal eye bank eyes.” 
Since the fiber number is the nerve 
bundle area times the density of fibers, 
and since the fiber density is not relat- 
ed to the disc size, the logical conclu- 
sion is that human eyes have the same 
fiber number/disc area relationship as 
monkey eyes do. 

The fiber count increased by 628 000 
for each square millimeter increase in 
the disc area. Normal monkey optic 
nerve fibers have a mean diameter 
(within the myelin sheath and cell 
membrane) of 0.84 pm.” The diameter 
of the average axon in the disc rim 
might be just over 1 um if we include 
its unmyelinated cell membrane. With 
ideal packing density, 628000 fibers 
would occupy an area of 628 000 times 
(0.001 mm*), or 0.63 mm’. Thus, the 
proportion of the disc area increase 
that could be explained by an increase 
in nerve fibers is 0.63/1 or 63%. We 
estimate that nerve fibers normally 
occupy about 70% of the neural rim 
tissue, with the remainder represent- 
ed by blood vessels and astrocytes.” 
Furthermore, the slope of the rim 
area/disc area in the monkey data is 
approximately 1. Hence, the data sug- 
gest that the increase in the fiber 
number with an increasing disc area is 
just enough to maintain a constant 
proportion of nerve fibers to other 
tissues in the disc rim. This is consis- 
tent with our previous finding that the 
ratio of the disc area to either the 
nerve bundle tissue or connective tis- 
sue in the scleral lamina cribrosa, 
deeper in the nerve head, remains 
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constant as the disc area varies among 
human eyes.” 

Two previous studies of human eyes 
failed to find a correlation between the 
optic nerve fiber number and disc area 
with a histological estimate of disc 
size. ™” However, one of these investi- 
gators has recently presented a sub- 
stantially larger series of eyes” that 
shows a significant positive correla- 
tion. Neither study had dise photo- 
graphs available for measurement of 
the disc area. It is unclear whether 
histological estimates of disc size, per- 
formed in fixed tissue with retina and 
choroid removed, correspond to the 
disc area as measured from clinical 
photographs. The substantial natural 
variation in human fiber number, com- 
bined with the poorer preservation of 
postmortem human optic nerve tissue, 
apparently necessitates the study of a 
large number of eye bank eyes to 
clarify the question. 

It is clear that the neural rim area is 
a more useful measure of the amount 
of optic nerve tissue when the disc size 
is specified. This has important impli- 
cations for the cup-to-disc ratio, as 
well. The already cited reports**® have 
shown that the neural rim area/disc 
area is a constant (approximately equal 
to 0.5 in human eyes). This would 
imply that the cup area/disc area is 
also a constant, since the cup is the 
reciprocal of the neural rim. The cup- 
to-disc ratio is equal to the square root 
of the cup area/disc area; hence, it 
should also be a constant. Yet, our 
clinical experience” belies this conclu- 
sion. The explanation of this apparent 
paradox derives from the fact that at 
the lower range of the optic disc diam- 
eter, the cup is forced to become small- 
er and eventually to disappear as the 
neural tissue fills in all available space. 
If disces were always greater than 4 
mm in diameter (but had neural rim 
areas of 1 to 3 mm’), the cup-to-dise 
ratio would be a constant value in all 
normal eyes. If, however, we plot the 
neural rim area and cup-to-disc ratio of 
normal eyes by using actual human 
data for dise diameter and neural rim 
area, we find that smaller discs have 
no cup or small ones and that the cup- 
to-dise ratio increases to reach a stable 
value only in the upper one fourth of 
the disc diameter distribution (Fig 4). 
Thus, it is necessary to know the disc 
size to judge the normality of the neu- 
ral rim area or cup-to-disc ratio. 
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Comparison of Oculab Tono-Pen Readings Obtained 
From Various Corneal and Scleral Locations 


Jemshed A. Khan, MD; Mayli Davis, MD; Charles E. Graham, MD; John Trank, PhD; Mare M. Whitacre, MD 


e When estimating intraocular pres- 
sure in patients who are uncooperative 
or who have central corneal distur- 
bances, the physician may find it either 
impractical or undesirable to place the 
small tip of a portable electronic applana- 
tion tonometer (Tono-Pen) over the cen- 
tral cornea. To gauge better the useful- 
ness of Tono-Pen readings obtained 
from various locations, we compared 
such readings measured through the 
central cornea, midperipheral cornea, 
limbal cornea, and sclera of 15 cannu- 
lated eye bank eyes. Mean Tono-Pen 
readings from the midperipheral and 
clear limbal cornea did not differ signifi- 
cantly from central corneal readings over 
a 10- to 35-mm Hg range of intraocular 
pressures and were within +2.4 mm Hg 
of mean central corneal readings. Mean 
readings taken from the sclera, however, 
were 8.8 to 17.0 mm Hg higher than mean 
central corneal readings over the 10- to 
40-mm Hg range. We concluded that 
multiple noncentral corneal readings 
with the Tono-Pen provided a useful ap- 
proximation of intraocular pressure, 
whereas scleral readings did not. 

(Arch Ophthalmol.  1991;109:1444- 
1446) 


Thre Tono-Pen (Oculab Inc, Glendale, 

Calif) is a portable electronic ap- 
planation tonometer’ commonly used 
to estimate intraocular pressure. ™ Be- 
cause readings can be obtained quick- 
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ly, the Tono-Pen is often used to mea- 
sure intraocular pressure in infants, 
young children, persons with eyelid 
swelling, wheelchair-bound persons, 
patients with head tremors or nystag- 
mus, the bedfast, and the infirm.“ In 
such patients, it may not be possible to 
place the small tip of the Tono-Pen 
accurately over the central cornea be- 
cause of poorly controlled head and eye 
movements. In addition, deliberate ec- 
centric corneal applanation may be ad- 
vantageous in patients with central 
corneal scarring, ulcers, or healing epi- 
thelial defects.” 

To assess the usefulness of Tono-Pen 
readings obtained from the sclera and 
noncentral cornea, we compared Tono- 
Pen readings obtained through the 
central cornea, midperipheral cornea, 
clear limbal cornea, and sclera in 15 
eye bank eyes at various manometri- 
cally controlled intraocular pressures. 


MATERIALS AND METHODS 


Fifteen previously refrigerated eye bank 
eyes free of corneal disease and without 
history of surgery were used. Each eye was 
mounted, cornea up, in a metal holder with 
moist cotton padding for lateral support. 
The optic nerve was cannulated with an 
18-gauge needle that was attached to an 
adjustable-height saline reservoir and 
manometric column via a stopcock. The 
corneal epithelium was denuded to diminish 
the artifactual lowering of intraocular pres- 
sure readings produced by the typical post- 
mortem corneal edema. 

Tonometry was performed in a similar 
fashion for each eye. The manometric pres- 
sure was raised to 10 mm Hg and the 
stopcock was opened. The stopcock was left 
open for 2 minutes to allow the intraocular 
pressure to stabilize and then was closed 
(this equilibration time had been deter- 
mined during a pilot study in which the 
anterior segment intraocular pressure of 
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similarly cannulated eyes was monitored 
via a 21-gauge needle connected to a pres- 
sure transducer [Gould Statham P23ID)}). 
Closing the stopeock resulted in isolation of 
the eyeball from the manometer and fluid 
reservoir. The manometric intraocular 
pressure was recorded. Tono-Pen readings 
of intraocular pressure obtained sequential- 
ly from the central cornea, the midperi- 
pheral cornea (ie, midway between the cen- 
tral cornea and limbus), the clear limbal 
cornea, and the sclera were recorded. The 
stopcock was opened for 2 minutes and then 
closed before each of the sequential 
readings. 

The intraocular pressure was raised in 
5-mm Hg increments, 2 minutes was al- 
lowed to elapse, and the Tono-Pen readings 
were repeated. This process was repeated 
up to an intraocular pressure of 40 mm Hg. 
The cornea was moistened between read- 
ings with buffered saline solution. 

A single Oculab Tono-Pen 2 was used for 
this study. It was calibrated daily according 
to the manufacturer’s instructions, and all 
measurements were performed by one of us 
(M.D.), who had performed 50 practice 
applanations before data collection. 

The Tono-Pen stores and averages four 
measurements and then displays the aver- 
age of those four measurements and per- 
centage SD on a digital liquid crystal dis- 
play. Thus, for each location and 
manometric pressure in a given eye, four 
Tono-Pen measurements were averaged 
into a single reading that was then record- 
ed. Since the end point is not open to 
interpretation, blinding of the investigator 
is not necessary. Averaged readouts show- 
ing less than the highest reproducibility, ie, 
SD greater than 5%, were discarded and 
immediately repeated. 

Data collected from the 15 eyes (Table) 
were analyzed with the aid of a professional 
statistician by the Newman-Keuls multiple 
comparison test. For purposes of paired 
data analysis, there were two levels of 
repeats in our study: five intraocular pres- 
sure locations for each eye and seven mano- 
metric intraocular pressure increments for 
each eye. 
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Table 1.—Tono-Pen Readings Obtained at Various Locations and Manometric Pressures in 15 Enucleated Eyes * 


Tono-Pen Reading, mm Hg, by Manometric Pressure, mm Hg 
ae = eee ee eee eee eee eee ee 
Location 15 20 25 30 35 
Central cornea 
Mean + SD 
Range 
Midperipheral cornea 
Mean + SD 


33.7 + 4.7 44.4 + 76 


27-46 


37.4 + 5.2 
28-48 


24.0 + 3.6 
17-32 


29.0 + 3.3 
24-36 


14.4 + 2.3 
11-19 


18.1 + 3.0 
13-22 














38.4 + 7.3 43.9 + 6.1 


29-54 


35.9 + 6.2 
30-54 


25.7 + 6:2 
14-41 


31.0 + 4.1 
26-39 


20.4 + 3.7 
14-28 


15.9 + 3,2 
11-22 





“Clear” limbus 
Mean + SD 13.6 + 4.6 


Range 6-23 


Sclera 
Mean + SD 23.2 + 6.3 


Range 9-32 


28.8 + 5.6 35.2 + 5.6 39.4 + 7.6 


15-39 


31.3 + 4.4 
24-40 


17.6 + 4.5 
10-24 


25.1 + 4.2 
17-33 











40.6 + 14.1 45.4 + 11.8 54.4 + 10.0 58.3 + 10.1 


11-63 


38.8 + 10.0 
17-56 


27.9 + 6.2 
20-41 








*Tono-Pen, Oculab Inc, Glendale, Calif. 


RESULTS 


The mean Tono-Pen readings ob- 
tained in eye bank eyes from the mid- 
peripheral and clear limbal cornea, 
over a 10- to 35-mm Hg intraocular 
pressure range, did not differ signifi- 
cantly (P>.05) from mean central cor- 
neal readings and were within +2.4 
mm Hg of mean central corneal Tono- 
Pen readings (Fig 1). Mean Tono-Pen 
readings obtained over the sclera were 
consistently (range, 8.8 to 17.0 mm 
Hg) and significantly (P<.01) higher 
than mean central corneal Tono-Pen 
readings over the entire 10- to 40-mm 
Hg manometric intraocular pressure 
range (Fig 1). 

Mean central corneal Tono-Pen 
readings did not differ significantly 
(P>.05) from actual intraocular pres- 
sure, except at a pressure of 10 mm Hg 
(Fig 2), where mean Tono-Pen read- 
ings were 4.4 mm Hg higher. Others 
have also reported this tendency of the 
Tono-Pen to overestimate low intrao- 
cular pressures. 7" 

Mean midperipheral corneal Tono- 
Pen readings were statistically signifi- 
cantly (P<.05) higher (range, 5.5 to 
6.0 mm Hg) than actual intraocular 
pressure over the 10- to 30-mm Hg 
range (Fig 2). Mean limbal cornea 
Tono-Pen readings were statistically 
significantly (P<.05) higher at pres- 
sures of 10 and 20 mm Hg, and mean 
Tono-Pen scleral readings were mark- 
edly higher (range, 12.9 to 19.4 mm 
Hg) than actual intraocular pressure 
over the entire 10- to 40-mm Hg range 
(P<.01) (Fig 2). 


COMMENT 


Whereas previous studies have as- 
sessed Tono-Pen intraocular pressure 
estimations through the central cor- 
nea, through scarred corneas," 
through postoperative corneas," in gas- 
filled eyes,” and through soft contact 
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Difference in Measured IOP, mm Hg 


10 15 20 





25 30 35 40 


Manometric IOP, mm Hg 


Fig 1.—Differences between mean central corneal Tono-Pen readings and mean noncentral 
intraocular pressure (IOP) measurements in 15 enucleated eyes. Asterisks (P<.05) and 
daggers (P<.01) indicate statistically significant differences from central corneal Tono-Pen 


readings. 


lenses,” this study directly compared 
central corneal, eccentric corneal, and 
scleral readings with each other at 
various manometric pressures. 

The Tono-Pen, when compared with 
manometric intraocular pressure or 
Goldmann tonometry over a range of 
clinically normal intraocular pressures, 
has proved quite accurate in eye bank 
eyes.” In vivo, however, some in- 
vestigators have found the difference 
between Tono-Pen readings and Gold- 
mann readings clinically unacceptable. 
The Tono-Pen has been reported to 
have unacceptable accuracy when mea- 
suring intraocular pressures above 30 
mm Hg,’ when estimating diurnal 
curves,’ and when managing or diag- 
nosing glaucoma.” Tono-Pen readings 
differed from Goldmann tonometry 


readings by greater than +3 mm Hg 
in 39% of 270 live eyes in one study' 
and 33% of 142 live eyes in another 
study.’ 

We caution, therefore, that in vitro 
studies such as this may overestimate 
the reliability of the Tono-Pen because 
of the absence of significant biologic 
and physiologic variables present in 
live eyes. Variables lacking in our in 
vitro model include the precorneal tear 
film, a viable corneal epithelium, a 
normal corneal thickness and rigidity, 
eyelid and extraocular muscle func- 
tion, accommodation, fluctuating blood 
pressure, pulse, respiration, and anxi- 
ety.*" 

Our results indicate that, when com- 
pared with central corneal applana- 
tion, reasonably useful data regarding 
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Difference in Measured IOP, mm Hg 


10 15 20 





25 30 35 40 


Manometric IOP, mm Hg 


Fig 2.—Differences between mean manometric intraocular pressures (IOPs) and mean Tono- 
Pen readings in 15 enucleated eyes. Asterisks (P<.05) and daggers (P<.01) indicate statistical- 
ly significant difference from manometric intraocular pressure. 


intraocular pressure may be obtained 
by multiple Tono-Pen applanations of 
the noncentral cornea over a 10- to 
35-mm Hg intraocular pressure range: 
ie, mean Tono-Pen readings in this 
pressure range were within +2.4 mm 
Hg of central corneal Tono-Pen read- 
ings and did not differ in a statistically 
significant manner (P>.05) from cen- 
tral corneal readings (Fig 1). Nonethe- 
less, as indicated by the broad ranges 
given in the Table, individual readings 
may vary quite drastically from the 
mean; therefore, multiple readings 
should be obtained. 

Central and clear limbal corneal ap- 
planation correlate most closely with 
actual intraocular pressure, whereas 
mean midperipheral corneal readings 
tended to overestimate actual intrao- 
cular pressure (Table, Fig 2). Scleral 
readings do not provide useful data 
and grossly overestimate intraocular 


pressure; a similar finding was report- 
ed by Wilke” with the use of the 
vibration tonometer. Multiple noncen- 
tral corneal Tono-Pen readings may 
provide a useful approximation of in- 
traocular pressure when more accu- 
rate methods of determining intraocu- 
lar pressure are not feasible. 


This study was supported in part by an unre- 
stricted grant from Research to Prevent Blind- 
ness Inc and the Kansas Lions Sight Foundation. 

We have no commercial or proprietary interest 
in any product or company mentioned in this 
publication. 
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Adherence of Pseudomonas aeruginosa to 
Rigid Gas-Permeable Contact Lenses 


Michael J. Miller, PhD; Louis A. Wilson, MD; Donald G. Ahearn, PhD 


@ We examined the adherence of a 
human corneal isolate of Pseudomonas 
aeruginosa to unused rigid gas-perme- 
able and hydrogel contact lenses. Adher- 
ence to rigid gas-permeable lenses was 
greater than the adherence to hydrogels. 
The lower incidence of microbial keratitis 
associated with rigid gas-permeable 
lenses, as compared with hydrogel 
lenses, may be attributed to the more 
rigorous cleaning and disinfection possi- 
ble for rigid gas-permeable lenses and/or 
patient noncompliance with complicated 
disinfection systems used with hydrogel 
lenses. 

(Arch Ophthalmol. 
1448) 


1991 ;109:1447- 


umerous reports have noted an 

increased incidence of contact 
lens-related bacterial corneal ulcers, 
particularly Pseudomonas aeruginosa 
keratitis, associated with the use of all 
lens types.™ Many instances of these 
ocular infections have been attributed 
to improper hygiene or patient non- 
compliance with recommended clean- 
ing and disinfection regimens.“ In ad- 
dition, microorganisms have been 
shown to survive and replicate in vari- 
ous contact lens cleaning, disinfecting, 
and rinsing solutions.**""” It has been 
demonstrated that organisms isolated 
from contaminated solutions are the 
same strains cultured from corneal ul- 
cers or other ocular infections.”"’” 
Contaminated solutions may therefore 
provide reservoirs of potential patho- 
gens that may be transported to the 
eye by the lens. The predisposition of 
the eye by a number of clinical factors 
(ie, corneal hypoxia, papillary conjunc- 
tivitis, or hypersensitivity to chemical 
preservatives) or by accidental trauma 
during insertion of a lens or during 
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lens wear may permit pathogens ad- 
hering to the lens to initiate infection. 

A number of investigations have 
demonstrated that P aeruginosa can 
adhere to new, unused hydrogel 
lenses™" and to hydrogel lenses coated 
with mucin, protein, and/or human 
tears." We evaluated and compared 
the relative adherence of a corneal 
isolate of P aeruginosa to unused rigid 
gas-permeable (RGP) and hydrogel 
contact lenses. 


MATERIALS AND METHODS 


Pseudomonas aeruginosa isolate GSU 3 
was obtained from a human corneal ulcer 
(Emory Eye Clinic, Atlanta, Ga) and was 
previously shown to adhere irreversibly to 
hydrogel lenses.” The organism was grown 
overnight at 25°C on trypticase soy agar 
(BBL Microbiology Systems, Cockeysville, 
Md). Isolated colonies on trypticase soy 
agar were used to inoculate 200 mL of 
tryptic soy broth (Difeo Laboratories, De- 
troit, Mich). The culture was incubated 
with mild shaking for 12 to 18 hours at 25°C. 
Bacterial growth was monitored turbidi- 
metrically, and cells were harvested by 
centrifugation in the late exponential phase. 
Cells were washed two times and suspend- 
ed in minimal broth (Difco) to a concentra- 
tion of 10° colony-forming units/mL (ap- 
proximate optical density of 0.70 at 600 nm 
on a spectrophotometer [Turner 380]). Fi- 


nal cell concentrations were verified from 
growth in pour plates from dilutions of the 
inocula in trypticase soy agar. 

Adherence to lenses was determined with 
radiolabeled cells as previously described.” 
Lenses used in this study are listed in the 
Table. 


RESULTS 


The degrees of adherence of P aeru- 
ginosa to various contact lenses are 
shown in the Figure. Adherence to 
RGP lenses was greater than the ad- 
herence to hydrogel lenses. However, 
there were no marked differences in 
adherence to the different polymer 
types of RGP lenses. As demonstrated 


previously,” adherence to hydrogels 
decreased with increased water 
content. 


COMMENT 


We previously demonstrated that 
the adherence of P aeruginosa to hy- 
drogel lenses is dependent on an inter- 
action of multiple factors, including, 
but not limited to, the chemical compo- 
sition, surface hydrophobicity, and 
surface charge of the underlying lens 
surface." Bacteria generally attach to 
hydrophobic surfaces rather than to 
hydrophilic surfaces.” The greater ad- 
herence of P aeruginosa to RGP lenses 


Hydrogel and Rigid Gas-Permeable Contact Lenses for Pseudomonas aeruginosa 
Adherence Studies 


Dk 
Material 


Itafocon B 
Silafocon A 
Silafocon A 
Pasifocon A 
Kolfocon A 
Itafocon A 
Pentasilcon-p 
Cabofocon 


Polymer Group Code* 
Rigid gas 
permeable 


Elastofilcon A 
Silafilcon A 


Hydrogel Tefilcon 


Vifilcon A 


* Codes used in the Figure. 


Value 


Water 
Content, Chemical 
% Composition% 


Silicone / acrylate 
Silicone / acrylate 
Silicone / acrylate 
Silicone / acrylate 
Silicone / acrylate 
Silicone / acrylate 
t-Butyl styrene 
Cellulose acetate 
butyrate 
Silicone elastomer 
Silicone resin 
Poly(HEMA) 
cross-linked 
with EGDMA 
Poly(Hema + 
MAA-g-povidone) 


Trade Name 
Boston IV 
Polycon | 
Polycon Il 
Paraperm O, 
Optycryl 60 
Boston Il 
Opus Ill 
Meso 


Silsight 
Silcon 
Cibasoft 





tHEMA indicates 2-hydroxyethyl methacrylate; EGDMA, ethylene glycol dimethacrylate; MAA, methacrylic 
acid; and Dk, oxygen permeability where D is the diffusion coefficient and k the solubility coefficient. 
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Lens Type 


Adherence of Pseudomonas aeruginosa to rigid gas-permeable (shaded bars) and hydrogel 
(open bars) contact lenses. Letter codes are interpreted in the Table. Vertical bars represent the 


SE (n=5;n=4 for V; n=3 for J). 


compared with hydrogel lenses may be 
attributed to the lower surface wetta- 
bility characteristics of the RGP 
lenses. Dart and Badenoch" demon- 
strated that P aeruginosa and Staphy- 
lococcus aureus showed higher attach- 
ment numbers to polymethylmethacry- 
late lenses than soft lenses. Butrus and 
Klotz” reported that the adherence of 
Candida albicans to RGP, polymeth- 
ylmethacrylate, and silicone lenses oc- 
curred in proportion to surface 
hydrophobicity. 

Few reports have associated micro- 
bial keratitis with daily-wear”™ or ex- 
tended-wear RGP lenses. Poggio et 
al” reported that the estimated rela- 
tive risk of ulcerative keratitis associ- 
ated with extended-wear soft contact 
lenses is more than five times that of 
daily-wear hydrogel or RGP lenses and 
more than 10 times that of hard lenses. 
Although unused RGP lenses adhere 
greater numbers of P aeruginosa in 
vitro, adherence variances in vivo may 
be masked by an absorbed human tear 
film“ or most probably compensated 
for because of the more rigorous clean- 
ing and disinfection possible for RGP 


lenses.” Additionally, disinfection sys- 
tems for hydrogel lenses are more 
complicated than those for RGP lenses; 
patients may use these systems incor- 
rectly or, to save time, may omit the 
disinfection procedure entirely.” 

Anoxic stress and epithelial damage 
associated with overnight wear of ex- 
tended-wear soft contact lenses are 
recognized as factors in subsequent 
infection. It has not been determined 
whether extended-wear RGP lenses 
present a greater risk for ulcerative 
keratitis than daily-wear RGP lenses. 
The affinity of RGP lenses for bacterial 
adherence, however, warrants a care- 
ful monitoring of their association with 
microbial keratitis. 


We have no affiliation with or financial involve- 
ment in any organization or entity with a direct 
financial interest in the subject matter or material 
discussed in this article (eg, employment, consul- 
tancies, stock ownership, honoraria). 
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Systemic Mannitol Increases the 
Retinal Adhesive Force In Vivo 


Mihori Kita, MD, Michael F. Marmor, MD 


è The effect of systemic mannitol ad- 
ministration on retinal adhesive force in 
the rabbit was investigated in vivo. The 
retinal adhesive force, 1 hour after intra- 
venous mannitol injection (2.5 g/kg), was 
45% greater than that in control eyes. 
When adhesiveness had been weakened 
by injecting Ca?‘ -free edetic acid (EDTA) 
solution into the subretinal space, intra- 
venous mannitol still enhanced adhe- 
sion. Mannitol administration seems to 
be effective in enhancing retinal adhe- 
sion, even under the conditions where 


it has been weakened by other 
mechanisms. 

(Arch Ophthalmol. 1991;109:1449- 
1450) 


Progress in the techniques of retinal 

and vitreous surgery allows suc- 
cessful mechanical management of 
most rhegmatogenous retinal detach- 
ments, although visual results vary 
with type, duration, and location of the 
detachment. To our knowledge, there 
is no medical therapy available to pre- 
vent detachment, minimize enlarge- 
ment, enhance reattachment, or re- 
duce the risk of redetachment. 

Osmotic agents are well known to 
affect fluid movement in the eye. One 
of us (M.F.M.)' has reported previous- 
ly that an injection of hyperosmotic 
solution into the vitreous cavity draws 
water from the choroid and rapidly 
induces a nonrhegmatogenous retinal 
detachment, whereas an intravenous 
injection of hyperosmotic solution fa- 
cilitates fluid resorption from the sub- 
retinal space into the choroid.* Condi- 
tions that dehydrate the subretinal 
space are likely to help keep the retina 
closely apposed, possibly by acting to 
keep the interphotoreceptor matrix 
compact and viscous. 


Accepted for publication May 2, 1991. 

From the Department of Ophthalmology, Stan- 
ford (Calif) University School of Medicine. 

Reprint requests to Department of Ophthalmol- 
ogy, Stanford University Medical Center, Stan- 
ford, CA 94305-5308 (Dr Marmor). 
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Recently, Yao and colleagues’ re- 
ported that retinal adhesiveness in 
freshly enucleated eyes can be in- 
creased by the prior administration of 
intravenous mannitol before enucle- 
ation. We could not judge from these 
in vitro data whether the mannitol 
effect would be large enough in living 
eyes to be useful clinically. 

The measurement of retinal adhe- 
sive force in vivo is difficult. In 1972, 
Zauberman and deGuillebon’ measured 
the traction force that was needed to 
create a retinal break by pulling on a 
glass rod that was glued to the retinal 
surface. However, it is hard to sepa- 
rate fragile retina at a constant rate, 
and glue may cause tissue damage. 
Recently, Kita and coworkers’ have 
developed a new method for measuring 
retinal adhesive force quantitatively in 
living eyes. In this study, we used this 
method to evaluate the degree to 
which intravenous administration of 
mannitol enhances retinal adhesive 
force in living rabbit eyes. 


MATERIALS AND METHODS 


These investigations adhered to the As- 
sociation for Research in Vision and Oph- 
thalmology Resolution on the Use of Ani- 
mals in Research. Dutch rabbits that 
weighed approximately 1.5 to 1.8 kg were 
sedated and anesthetized with intramuscu- 
lar injections of xylazine hydrochloride (2 
mg/kg), acepromazine maleate (1 mg/kg), 
and ketamine hydrochloride (20 mg/kg). 
The pupils were dilated with 10% phenyl- 
ephrine hydrochloride and 1% atropine sul- 
fate drops. 

The retinal adhesive force was measured 
with the use of our in vivo method. Details 
of this methodology have been described 
previously.” In brief, a scleral slit was 
made near the limbus approximately 1 hour 
after anesthetizing. A glass micropipette 
with a tip diameter of 20 um was inserted 
through it and advanced through the vitre- 
ous, to penetrate the retina in the posterior 
pole. A dome-shaped retinal detachment 
(bleb) was raised by injecting solution by 
gentle air pressure into the subretinal 
space. A separate micropipette with a tip 
diameter of 5 um was inserted into the 
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same bleb and connected to a micropres- 
sure-measuring system (World Precision 
Instruments, New Haven, Conn). More so- 
lution was injected through the first pipette 
to elevate pressure in the subretinal space 
and enlarge the bleb. The subretinal pres- 
sure (Ps) was measured by utilizing the 
resistance-servonulling method."* The in- 
travitreal pressure (Pv) was kept at a con- 
stantly low level by the wide scleral slits, 
and the Pv was measured before and after 
measuring the Ps. The retinal adhesive 
force (A) was defined as the force that was 
needed to achieve adhesive failure per unit 
length on the bleb margin. From the Ps, 
Py, and radius of the bleb (r) at the moment 
that the bleb began to expand, A was 
calculated by using Laplace's law: 
(Ps — Pv) =2A/r. 

Hanks’ solution (Gibeo Laboratories, 
Grand Island, NY) or a 50-mmol/L solution 
of Na, edetic acid (EDTA) was injected into 
the subretinal space. Mannitol (2.5 g/kg of 
25% solution) was administered intrave- 
nously before measurements. 


RESULTS 


Figure 1 shows the time course of 
change in retinal adhesive force after 
mannitol injection. The control value 
(100%) was derived from the measure- 
ment of 25 normal eyes. At 30 minutes 
after mannitol administration, the reti- 
nal adhesive force was about 45% 
greater than that in control eyes 
(P<.01), and this increment was main- 
tained for up to 70 minutes. 

The scleral perforations for insertion 
of pipettes were performed immediate- 
ly after mannitol injection, and anes- 
thesia was given 1 hour before these 
treatments. To eliminate the possibili- 
ty that the increase shown in Fig 1 
might represent effects of anesthesia 
or scleral perforation, the time course 
of change in retinal adhesive force in 
nontreated eyes was observed. The 
first measurement at 20 minutes after 
scleral perforation tended to be higher 
than others, but the difference was not 
significant (P>.15). 

We have reported elsewhere that 
after Ca** deprivation in the subretinal 
space (produced by injecting a Ca’*- 
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Fig 1.—The time course of change in retinal adhesive force after 
mannitol injection. Force is presented relative to the average value in 
control eyes. Each point represents an average with SD shown. Open 
squares indicate mannitol-treated eyes; closed squares, nontreated 


eyes; and numbers in parentheses, numbers of experiments. 


free solution), retinal adhesive force is 
reduced to 30% or less of normal.’ 
Intravenous mannitol was able to re- 
verse this reduction partially in adhe- 
siveness (yielding forces about 70% of 
normal) (Fig 2). The time course of the 
mannitol effect in Fig 2 was similar to 
that in Fig 1. 


COMMENT 


In this study, we have shown that 
intravenous administration of mannitol 
increases retinal adhesive force effec- 
tively in living rabbit eyes. This result 
is consistent with previous measure- 
ments on excised tissue.’ Blood osmo- 
lality in the rabbit is elevated by about 
25 mOsm/kg at 5 minutes after manni- 
tol injection. Thereafter, it falls gradu- 
ally and returns to a normal level after 
4 hours. In our in vivo experiments, 
adhesiveness was not increased at 10 
minutes after administration (as it was 
in vitro), but at 30 minutes after ad- 
ministration, we recorded an adhesive 
force up to 145% of normal. This in 
vivo effect disappeared roughly 90 
minutes after administration, in con- 
trast to in vitro effects on adhesiveness 
that persisted for up to 4 hours.” The 
reasons for these differences are not 
clear. 
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The findings from our previous stud- 
ies have suggested that retinal adhe- 
sion is a multifactorial process that 
depends on both physical and physio- 
logical systems, including interdigita- 
tion between villous sheaths of retinal 
pigment epithelium (RPE) and photo- 
receptor outer segments, binding 
properties and viscosity of the inter- 
photoreceptor matrix, metabolic pro- 
cesses, and transport processes. In the 
in vitro experiments, there can be no 
osmotic pressure effect from intravas- 
cular hyperosmolarity at the time of 
measurement. Thus, mannitol appar- 
ently acted to modify the interphoto- 
receptor matrix before the eye was 
removed. Dehydration of the subre- 
tinal space was presumably followed 
by an increase in viscosity of the inter- 
photoreceptor matrix and/or the tight- 
ening of the interdigitation between 
the photoreceptors and RPE cells. In 
vivo, there is also the possibility that 
mannitol-induced hyperosmolarity 
draws fluid into the choroid and there- 
by increases outward flow that pushes 
the retina in apposition to the RPE. To 
the extent that mannitol may also in- 
crease RPE permeability,*™” this would 
also favor outward fluid flow and in- 
creased adhesion. Furthermore, man- 
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Fig 2.—The time course of change in retinal adhesive force after 
mannitol injection, when the subretinal space had been filled with 
Ca?’ -free edetic acid (EDTA) solution. Numbers in parentheses indi- 
cate numbers of experiments. 


nitol can reduce systemic blood pres- 
sure and increase retinal oxygen 
tension,” which might affect RPE me- 
tabolism. Our in vivo results probably 
depend on a mixture of these factors. 

Systemic administration of mannitol 
reduced the effect of weakening adhe- 
sion by Ca” deprivation in the subre- 
tinal space. Thus, mannitol may be 
effective in enhancing adhesion even 
under conditions where it has been 
weakened by disease or other patho- 
logic conditions. 

Our data show, for the first time, to 
our knowledge, that systemic adminis- 
tration of a hyperosmotic agent en- 
hances the retinal adhesive force effec- 
tively in living eyes. Thus, mannitol 
may have applications clinically in the 
management of impending or recover- 
ing retinal detachments. Of course, the 
human eye differs from the rabbit eye 
in many respects, such as the presence 
of retinal vasculature, and studies in 
other species (eg, primates) are 
needed. 
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Investing in the future of ophthalmology through 


continuing research and education 


The responsibility of leadership... 
One of the most important traits of 
true leadership is the ability to recog- 
nize the value of long-term thinking 
as well as the need to reinvest today’s 
resources in tomorrow’ growth. At 
Storz Ophthalmics, Inc, our philos- 
ophy has always been to generate 
new ideas and technologies. With a 
heritage of quality and innovation 
spanning over 100 years, we feel a 
professional obligation to assume 
the responsibilities of leadership 
that will carry ophthalmology into 
the 21st century. 


...-and a leader’s response 

Storz Ophthalmics, Inc, has created 
the Storz Premiere Foundation to 
help ensure the continued develop- 
ment of new ophthalmic techniques 
and technologies. With an advisory 
board that includes some of the most 
prominent leaders in ophthalmology 
today, the Storz Premiere Founda- 
tion is committed to providing stu- 
dents and practicing physicians with. 
resources ranging from grants to 
surgical workshops. It is our goal to 
advance ophthalmology and help 
lead the way to a stronger tomorrow. 
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è Improve basic and clinical knowledge in ophthalmology 
è Assist residents and fellows to study efficiently 
è Prepare candidates to take their board examinations 
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"remarkably complete and pleasant...."* 


COURSE: The course is held the week before 
written and oral exams in the exam city. Home 
study questions will be sent before the course 
— which will include lectures and syllabus. 
Also, you may buy unlimited half-hour one- 
on-one mock oral exams. The optional extra 
day — November 21 — includes one mock oral 
exam and observation of seven or more hours 
of other exams. Past participants recommend 
taking the course well before your exam and 
repeating for half price the week before your 
written exam and your oral exam. 


"Accommodations were comfortable....""* 
LOCATION: The November course will be 
at the Airport Hilton, St. Louis. Our group 
discount rates are $96 single and $106 double. 
" „and those little extras....'"* 

DISCOUNT AIR FARES: Please call toll- 
free (800) 548-8185 for group discount rates. 
"the most education for the money...'* 
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after half of the registration fee is received. 


"home study material was extremely helpful.'"* 


* ACCREDITATION: Comell University 
: Medical College designates this Continuing 
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Cilaoxam 


(ciprofloxacin HCI) 0.3% as Base 


Sterile Ophthalmic Solution 


Rapid killing action for f 
important ocular pathogens 


SPEED 


Rapid resolution of ocular infections 


Oren 


The power to treat both routine and tough ocular infections 


PECTRUM 


A broad spectrum of activity against important ocular pathogens 







THE FIRST OF A STRONG NEW CLASS 


Powerful enough to achieve 
impressive results for bacterial 
conjunctivitis after only 7 days 


Frequently Isolated Causative Patients with 
CILOXAN is microbiologically Organisms Complete 


and clinically effective in Eradication 
lessening the intensity and Staphylococcus aureus 78% 
shortening the duration of Staphylococcus epidermidis 76% 
bacterial conjunctivitis. Streptococcus pneumoniae 75% 


After only 3 days of therapy, 
63% of corneal ulcers were 
completely re-epithelialized 


Percent of corneal ulcers with complete re-epithelialization over time (n=148) 


% of ulcers 


7 
Days of therapy 


THE POWER TO SUCCEED AS SINGLE-AGENT THERAPY 


Clinical success for corneal ulcer patients was achieved using CILOXAN as 
single-agent therapy, without any fortified, systemic, or subconjunctival 
injections or other topical therapy. In clinical trials, resolution of bacterial 
infection and complete corneal re-epithelialization were achieved in 92% of 
patients with single-agent CILOXAN therapy. 
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Broad spectrum coverage 
and potent in vitro activity 


CILOXAN is effective against CILOXAN is active against these 
these important ocular pathogens organisms in vitro*: 
clinically and in vitro: 


Important Ocular Pathogens = MICso(1g/mL) Important Ocular Pathogens MICə(ug/mL) 
Pseudomonas aeruginosa 0.72 Hemophilus influenzae 0.05 
Serratia marcescens 0.45 Acinetobacter calcoaceticus 0.54 
Staphylococcus aureus 0.70 Chlamydia trachomatis 1.00 
Staphylococcus epidermidis 0.40 Citrobacter species 0.22 
Streptococcus pneumoniae 2.60 Enterobacter species 0.27 
Streptococcus (Viridans Group) 1.60 Escherichia coli 0.12 
Klebsiella pneumoniae 0.85 
Mycobacterium tuberculosis 0.74 
Neisseria species 0.01 
Proteus species 0.05 


*The clinical significance of these in vitro data is unknown. 


CIPROFLOXACIN HAS EXHIBITED A 
LOW FREQUENCY OF RESISTANCE 


CILOXAN destroys bacteria differently through inhibition of the DNA gyrase. Only 
chromosomal mutation has been identified as a possible cause of bacterial resistance. 
CILOXAN does not cross-react with other types of antimicrobial agents such as beta-lactams 
or aminoglycosides, so organisms resistant to these drugs may be susceptible to CILOXAN. 


THE CILOXAN DIFFERENCE 


Spectrum, power, and speed are enhanced 
by a difference in chemical structure. 

CILOXAN is truly unique in its chemical y 
structure. CILOXAN is the only fluoro- n A à 
quinolone with a cyclopropyl group which mi N 
increases the overall potency of the drug. i 


Rapid killing action for 
Please see brief summary of important ocular pathogens 


prescribing information on 
the next page. 


~~ oma 


ALCON LABORATORIES. INC 
FORT WORTH 


ne A (ciprofloxacin HCI) 0.3% as Base 
©1991 Alcon Laboratories, Inc. Sterile Ophthalmic Solution 


A | 
an i 








DESCRIPTION: CILOXAN™ (Ciprofloxacin HCI) Ophthalmic Solution is 
asynthetic, sterile, multiple dose, antimicrobial for topical ophthalmic use. 


INDICATIONS AND USAGE: CILOXAN™ Ophthalmic Solution is indi- 
cated for the treatment of infections caused by susceptible strains of 
the designated microorganisms in the conditions listed below: 

Corneal Ulcers: Pseudomonas aeruginosa 

Serratia marcescens* 

Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus pneumoniae 

Streptococcus (Viridans Group)* 

Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus pneumoniae* 

“Efficacy for this organism was studied in fewer than 10 infections. 


CONTRAINDICATIONS: A history of hypersensitivity to ciprofloxacin or 
any other component of the medication is a contraindication to its use. 
A history of hypersensitivity to other quinolones may also contraindi- 
cate the use of ciprofloxacin. 


WARNINGS: NOT FOR INJECTION INTO THE EYE. 
Serious and occasionally fatal hypersensitivity (anaphylactic) reac- 
tions, some following the first dose, have been reported in patients 
receiving systemic quinolone therapy. Some reactions were accompa- 
nied by cardiovascular collapse, loss of consciousness, tingling, pha- 
ryngeal or facial edema, dyspnea, urticaria, and itching. 
nly a few patients had a history of hypersensitivity reac- 
tions. Serious anaphylactic reactions require immediate 
emergency treatment with epinephrine and other resus- 
citation measures, including oxygen, intravenous fluids, 
intravenous antihistamines, corticosteroids, pressor 
amines, and airway management, as Clinically indicated. 


PRECAUTIONS: 

General: As with other antibacterial preparations, pro- 
longed use of ciprofloxacin may result in overgrowth of 
nonsusceptible organisms, including fungi. If superinfec- 
tion occurs, appropriate therapy should be initiated. 
Whenever clinical judgment dictates, the patient should 
be examined with the aid of magnification, such as slit 
lamp biomicroscopy and, where appropriate, fluorescein 
staining. 

Ciprofloxacin should be discontinued at the first 
appearance of a skin rash or any other sign of hypersen- 
sitivity reaction. 

In clinical studies of patients with bacterial corneal ulcer, a whit 
crystalline precipitate located in the superficial portion of the corneal 
defect was observed in 35 (16.6%) of 210 patients. The onset of the pre- 
cipitate was within 24 hours to 7 days after starting therapy. In one 
patient, the precipitate was immediately irrigated out upon its appear- 
ance. In 17 patients, resolution of the precipitate was seen in 1 to 8 days 
(seven within the first 24-72 hours), in five patients, resolution was 
noted in 10-13 days. In nine patients, exact resolution days were unavail- 
able; however, at follow-up examinations; 18-44 days after onset of the 
event, complete resolution of the precipitate was noted. In three 
patients, outcome information was unavailable. The precipitate did not 
preclude continued use of ciprofloxacin, nor did it adversely affect the 
clinical course of the ulcer or visual outcome. (SEE ADVERSE 
REACTIONS). 


Drug Interactions: Specific drug interaction studies have not been 
conducted with ophthalmic ciprofloxacin. However, the systemic admin- 
istration of some quinolones has been shown to elevate plasma con- 
centrations of theophylline, interfere with the metabolism of caffeine, 
enhances the effects of the oral anticoagulant, warfarin, and its deriva- 
tives and has been associated with transient elevations in serum creati- 
nine in patients receiving cyclosporine concomitantly. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight in vitro 


mutagenicity tests have been conducted with ciprofloxacin and the test 
results are listed below: 
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Salmonella/Microsome Test (Negative) 

E. coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 
Chinese Hamster V7 Cell HGPRT Test (Negative) 

Syrian Hamster Embryo Cell Transformation Assay (Negative) 
Saccharomyces cerevisiae Point Mutation Assay (Negative) 
Saccharomyces cerevisiae Mitotic Crossover and Gene 
Conversion Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 


Thus, two of the eight tests were positive, but the results of the following 
three in vivo test systems gave negative results: 


Rat Hepatocyte DNA Repair Assay 
Micronucleus Test (Mice) 
Dominant Lethal Test (Mice) 


Long term carcinogenicity studies in mice and rats have been com- 
pleted. After daily oral dosing for up to two years, there is no evidence 
that ciprofloxacin had any carcinogenic or tumorigenic effects in these 
species. 

Pregnancy-Pregnancy Category C: Reproduction studies have been 
performed in rats and mice at doses up to six times the usual daily 
human oral dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to ciprofloxacin. In rabbits, as with most antimicro- 
bial agents, ciprofloxacin (30 and 100 mg/kg orally) produced gastroin- 
testinal disturbances resulting in maternal weight loss and an increased 
incidence of abortion. No teratogenicity was observed at 
either dose. After intravenous administration, at doses up 
to 20 mg/kg, no maternal toxicity was produced and no 
embryotoxicity or teratogenicity was observed. There 
are no adequate and well controlled studies in pregnant 
women. CILOXAN™ Ophthalmic Solution should be 
used during pregnancy only if the potential benefit justi- 
fies the potential risk to the fetus. 


Nursing Mothers: It is not known whether topically 
applied ciprofloxacin is excreted in human milk; however, 
it is known that orally administered ciprofloxacin is 
excreted in the milk of lactating rats and oral ciprofloxacin 
has been reported in human breast milk after a single 
500 mg dose. Caution should be exercised when 
CILOXAN™ Ophthalmic Solution is administered to a 
nursing mother. 


Pediatric Use: Safety and effectiveness in children 
below the age of 12 have not been established. Although 
ciprofloxacin and other quinolones cause arthropathy in 
immature animals after oral administration, topical ocular administration 
of ciprofloxacin to immature animals did not cause any arthropathy and 
there is no evidence that the ophthalmic dosage form has any effect on 
the weight bearing joints. 


ADVERSE REACTIONS: 

The most frequently reported drug related adverse reaction was local 
burning or discomfort. In corneal ulcer studies with frequent administra- 
tion of the drug, white crystalline precipitates were seen in approxi- 
mately 17% of patients (SEE PRECAUTIONS). Other reactions 
occurring in less than 10% of patients included lid margin crusting, crys- 
tals/scales, foreign body sensation, itching, conjunctival hyperemia and 
a bad taste following instillation. Additional events occurring in less than 
1% of patients included corneal staining, keratopathy/keratitis, allergic 
reactions, lid edema, tearing, photophobia, corneal infiltrates, nausea 
and decreased vision. 

OVERDOSAGE: A topical overdose of CILOXAN™ Ophthalmic Solu- 
tion may be flushed from the eye(s) with warm tap water. 

ANIMAL PHARMACOLOGY: Ciprofloxacin and related drugs have 
been shown to cause arthropathy in immature animals of most species 
tested following oral administration. However, a one-month topical ocu- 
ar study using immature Beagle dogs did not demonstrate any articular 
esions. 
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Photo Essays 


Edited by Malcolm N. Luxenberg, MD 


Choroidal Pneumocystosis 


A 35-year-old homosexual man developed 
faint subretinal lesions in October 1988 
while undergoing ganciclovir treatment for 
cytomegalovirus retinopathy (Fig 1). He 
had had Pneumocystis carinii pneumonia 
22 months earlier, but was not receiving 
prophylaxis against recurrent infections. 
Evaluation revealed Mycobacterium avium 
complex in his blood and bone marrow. 
There were no signs of other systemic 
infections. Despite treatment with antimy- 
cobacterial agents, lesions enlarged (Fig 2). 
He died 4 months later, and postmortem 
examination revealed multiple choroidal le- 
sions containing P carinii (Fig 3). 


COMMENT 


Infection of the choroid with P car- 
inii has been described as a manifesta- 
tion of acquired immunodeficiency 
syndrome. Late infections are charac- 
terized by subretinal hypopigmented 
lesions without inflammation in the 
overlying retina or vitreous.'” Lesions 
may indicate a potentially fatal dissem- 
inated infection. 

Although eyes have occasionally 
been found to contain P carinii at 
autopsy,’ the clinical appearance and 
evolution of early lesions has not been 
well documented. Illustrated herein is 
the natural history of early, untreated 
disease in a patient with acquired im- 
munodeficiency syndrome. 

Choroidal pneumocystosis will re- 
gress with systemic treatment.’ Oph- 
thalmologists should become familiar 
with the appearance of early lesions, 
when they may be more amenable to 
therapy. This case also demonstrates 
that choroidal pneumocystosis is not 
always associated with inhaled pen- 
tamidine prophylaxis against P carinij 
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pneumonia, as suggested by some 
investigators. 

There is a known association be- 
tween P carinii and cytomegalovirus 
infections in immunocompromised 
hosts, at frequencies higher than ex- 
pected from chance alone.’ In patients 
with acquired immunodeficiency syn- 
drome, choroidal pneumocystosis fre- 
quently coexists with cytomegalovirus 
retinopathy, as in this case. It is un- 
clear whether the association is coinci- 
dental or causal, nor is it known 
whether cytomegalovirus infection fa- 
cilitates dissemination of P carinii to 
the eye. 


Gary N. HOLLAND, MD 
LESLEY J. MACARTHUR, MEd 
ROBERT Y. Foos, MD 

Los Angeles, Calif 


This study was supported in part by a grant from 
Research to Prevent Blindness Inc, New York, 
NY, and grant EY 08057 from the National Insti- 
tutes of Health, Bethesda, Md (Dr Holland). 

Reprints not available. 
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Fig 1.—The left fundus of a patient with acquired immunodeficiency 
syndrome. A focus of cytomegalovirus retinopathy adjacent to the 
inferotemporal margin of the optic nerve head has become inactive 
with ganciclovir therapy. There are multiple, faint, subretinal, yellow- 
white opacities scattered throughout the posterior pole (arrow). 





Fig 2.—The same fundus shown in Fig 1, photographed 2 months 
later. In the interim, there was reactivation of peripapillary cytomegalo- 
virus retinopathy that came under control with an increased dosage of 
ganciclovir; residual hemorrhage is seen at the superonasal border of 
the optic nerve head. The subretinal lesions have become more 
distinct; the arrow corresponds to the same lesion identified in Fig 1, 
which has expanded eccentrically in a lobular pattern. 
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Fig 3.—Photomicrograph of superficial choroid from the eye illustrated 
in Figs 1 and 2. Centrally, there are five silver-stained organisms of 
Pneumocystis carinii (three are prominent; thin arrows) in a focus of 
extremely characteristic foamy “exudate” (thick arrow). Two of the 
three prominent organisms are thin-walled with eccentric nuclei; one is 
a thick-walled cystic form (hematoxylin-eosin with Grocott methena- 
mine silver stain, original magnification x 176). 
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Leukemic Iris Infiltration in Recurrent 
Acute Lymphocytic Leukemia 


10-year-old boy presented with a 7- 

month history of iris heterochromia 
and a 1-week history of decreased visual 
acuity in his left eye. A diagnosis of acute 
lymphocytic leukemia had been made 3 
years previously. The patient had received 
induction chemotherapy and cranial irradia- 
tion (2400 cGy) and did well until bone 
marrow and testicular relapse occurred 2 !/2 
years later. Reinduction chemotherapy was 
initiated and testicular irradiation (2500 
cGy) was administered. On presentation, a 
complete blood cell count and cytologic 
structure of cerebrospinal fluid and bone 
marrow were compatible with remission. 

Best corrected visual acuity was 20/25 
OD and 20/30 OS. Marked iris heterochro- 
mia was apparent (Fig 1). The right eye 
was normal but the anterior chamber of the 
left eye was shallow and contained 4+ 
circulating cells and a small blood-streaked 
hypopyon (Fig 2). The iris was diffusely 
infiltrated with yellow material, and the 
stroma was hemorrhagic (Fig 3). 

Anterior chamber fluid obtained by para- 
centesis showed lymphoblasts indicative of 
ocular relapse (Fig 4). External beam irra- 
diation (1620 cGy) was administered to the 
anterior segment of the left eye in 10 divid- 
ed doses during 15 days. 

One week after the completion of radia- 
tion treatment, iris infiltration was signifi- 
cantly decreased but stromal hemorrhages 
persisted (Fig 5). The child died 4 weeks 
later. 


COMMENT 


Leukemic iris infiltration is a rare 
manifestation of leukemia. Most cases 
have occurred in acute lymphocytic 
leukemia,’ although iris infiltration in 
acute myelogenous leukemia,” acute 
monocytic leukemia,” and chronic lym- 
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phocytic leukemia’ have been report- 
ed. Simultaneous hematologic or men- 
ingeal relapse is common, but iris 
infiltration may be the only sign of 
relapse. Iris infiltration is rarely the 
initial manifestation of leukemia. 

Leukemic iris involvement may be 
focal or diffuse and may be unilateral 
or bilateral. Complications include hy- 
popyon, hyphema, and elevated intrao- 
cular pressure. Complete resolution 
can result from low-dose anterior seg- 
ment irradiation, which should be used 
as primary therapy for leukemic iris 
infiltration.’ 


JAMES M. BRITT, MD 
DANIEL J. KARR, MD 
ROBERT E. KALINA, MD 
Seattle, Wash 


This study was supported in part by an award 
from the Chatlos Foundation, Longwood, Fla, and 
an award from Research to Prevent Blindness Inc, 
New York, NY. 

Reprint requests to the Department of Ophthal- 
mology, RJ-10, University of Washington, Seattle 
98195 (Dr Kalina). 
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Fig 4.—Centrifuged sample from anterior chamber paracentesis 


shows numerous, large, abnormal cells (lymphoblasts) (Wright's- 
Giemsa stain, original magnification x 250). 







Fig 5.—One week after the completion of anterior segment irradia- 
tion, iris infiltrates have decreased but hemorrhages persist. 





Fig 2.—Left eye exhibits small blood-streaked hypopyon. 


Fig 3.—Two days after the initiation of irradiation, the left eye exhibits 
diffuse iris infiltrates and scattered stromal hemorrhages. 
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Surgical Technique 


A Technique for Facilitated Visualization and Dissection 
of the Vitreous Base, Pars Plana, and Pars Plicata 


Timothy G. Murray, MD; H. Culver Boldt, MD; Hilel Lewis, MD; Gary W. Abrams, MD; William F. Mieler, MD; Dennis P. Han, MD 


è We describe a technique to facilitate 
visualization of the vitreous base, pars 
plana, and pars plicata during vitreous 
surgery. This technique takes advantage 
of an externally applied fiberoptic light 
source coupled with scleral depression 
to enable direct viewing of the ciliary 
processes and anterior vitreous base. No 
special instrumentation or alteration in 
pars plana vitrectomy techniques is re- 
quired. We have used this technique to 
enhance anterior dissection during vi- 
trectomy surgery in the aphakic and 
pseudophakic eye associated with prolif- 
erative vitreoretinopathy, diabetic reti- 
nopathy, epithelial down-growth syn- 


dromes, and postvitrectomy fibrin 
formation. 

(Arch Ophthalmol.  1991;109:1458- 
1459) 


pere the last decade numerous 

advances in vitreoretinal surgical 
techniques and instrumentation have 
occurred, allowing the application of 
vitrectomy techniques to increasingly 
more complicated cases of retinal de- 
tachments.™ The importance of anteri- 
or dissection in facilitating retinal reat- 
tachment in anterior proliferative 
vitreoretinopathy (PVR) has been do- 
cumented recently. Anterior PVR, de- 
fined as cellular proliferation anterior 
to the posterior insertion of the vitre- 


Accepted for publication May 29, 1991. 

From the Department of Ophthalmology, Eye 
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kee (Drs Murray, Boldt, Abrams, Mieler, and 
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Lewis) Dr Murray is now with the Bascom 
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ous base, is a frequent cause of ana- 
tomic failure in eyes with rhegmato- 
genous retinal detachment. In one 
series,’ significant anterior PVR was 
found in 22% of eyes presenting with 
rhegmatogenous retinal detachment 
complicated by severe PVR. Anterior 
PVR may result in membranes extend- 
ing over the ciliary body and even onto 
the posterior iris surface. Retained 
lens capsule and fibrin may also act as 
a scaffold for these membranes.‘ 

The treatment of anterior PVR re- 
quires a meticulous dissection of the 
anterior vitreous base. The ability to 
visualize these anatomic structures 
during vitrectomy surgery is critical to 
successful treatment. We describe a 
technique for visualization of the ante- 
rior vitreal structures that has mark- 
edly facilitated our surgical dissection. 


SURGICAL TECHNIQUE 


In the pseudophakic and aphakic eye, a 
standard three-port vitrectomy is per- 
formed. Sclerotomies are usually placed 
3 mm posterior to the limbus in the supero- 
temporal, superonasal, and inferotemporal 
quadrants. If the retina has been displaced 
anteriorly, it is necessary to place the scler- 
otomies more anteriorly. If the retina is 
drawn onto the ciliary body or posterior iris 
in a quadrant, the sclerotomies can be ro- 
tated to different quadrants, or limbal inci- 
sions may be used. The superior scleroto- 
mies (either 19 or 20 gauge) allow passage 
of multiple vitrectomy instruments during 
complicated vitrectomy surgery. 

An indwelling 4-mm infusion cannula is 
secured in place through the inferotemporal 
sclerotomy to allow maintenance of the 
globe. We approach the anterior dissection 
early in the vitrectomy. This technique 
requires the surgical assistant to bimanual- 
ly maintain the infusion contact lens in 
gentle applanation to the cornea while plac- 
ing a fiberoptic light pipe in contact with 
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the surface of the contact lens (Figure). The 
fiberoptic light source may be maneuvered 
over the surface of the contact lens to 
minimize light reflection and maximize illu- 
mination. The surgeon then introduces the 
instrument of choice, typically either the 
vitreous cutter, vitreous scissors, myringo- 
tomy blade, or intraocular forceps, from a 
single sclerotomy site and passes it across 
the eye to the anterior vitreous base. A 
scleral plug is placed in the opposite superi- 
or sclerotomy site. The surgeon’s second 
hand is used to indent the sclera at the level 
of the vitreous base and ciliary processes. 
We have found that a cotton-tipped applica- 
tor or the scleral depressor is effective for 
indentation. The surgeon controls the ana- 


Using standard three-port vitrectomy tech- 
niques, the surgeon introduces a vitrectomy 
cutting instrument through a superior sclero- 
tomy site. The second sclerotomy site is 
closed with a plug while the surgeon applies 
direct scleral indentation with the other hand. 
The assistant maintains the position of the 
irrigating contact lens while, with the second 
hand, directly applying a fiberoptic light 
source to the corneal contact lens. Direct illu- 
mination of the surgical field is easily obtained 
with this technique, allowing for visualization 
of the vitreous base, pars plana, and pars 
plicata. 
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tomic exposure by varying the degree of 
indentation and the location of the indenter. 
This procedure allows an approximate 240° 
access to the anterior ocular structure cen- 
tered opposite from the sclerotomy site. 
Access to the remainder of the eye is ac- 
complished by use of the opposite superior 
sclerotomy site in an identical fashion to 
that described above. 


COMMENT 


The importance of removing all re- 
maining traction is a tenet in compli- 
cated vitreoretinal surgery. Unfortu- 
nately, the ability to alleviate anterior 
traction has been hampered by the 
difficulty in adequately visualizing and 


1. de Juan E, MeCuen BW II. Management of 
anterior vitreous traction in proliferative vitreore- 
tinopathy. Retina. 1989;9:258-262. 

2. Michels RG. Surgery of retinal detachment 
with proliferative vitreoretinopathy. Retina. 
1984;4:63-83. 

3. Hanneken AM, Michels RG. Vitrectomy and 
scleral buckling methods for proliferative vitreore- 
tinopathy. Ophthalmology. 1988;95:865-869. 

4. Williams DF, Peters MA, Abrams GW, Han 
DP, Mieler WF. A two-stage technique for intra- 


illuminating these structures during 
vitrectomy surgery. Attempts to in- 
crease pupillary size through iris exci- 
sion, iris tacks, and iris sutures” have 
facilitated the approach to the periph- 
eral retina but are inadequate in and of 
themselves to allow visualization of the 
ciliary processes and anterior vitreous 
base. Bimanual surgical techniques, 
coupled with scleral indentation by the 
assistant, allow visualization of these 
anterior structures, but access to the 
horizontal meridians is limited, and 
often poor illumination or difficult in- 
strument positioning makes adequate 
dissection difficult if not impossible. 
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ARCHIVES OF INTERNAL MEDICINE 


The technique we have described 
facilitates the direct illumination and 
surgical access to the anterior vitreous 
base. Furthermore, the surgeon's di- 
rect control of the scleral depressor 
enhances the ease of dissection and 
reduces the possibility of inadvertent 
hole formation. We have used this 
technique since 1987 in approximately 
200 complicated vitrectomy cases and 
have been impressed by its ease of 
application and utility in treating com- 
plicated anterior retinal detachments 
in the pseudophakic and aphakic eye 
undergoing vitrectomy surgery. 
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The eyes 
can be 
windows 
to alot 
more than 
the soul. 


Some of the most poetic 
passages throughout history 
have been written about 
the eyes. 

But this isn’t one of them. 


Ocular beta blockers can 
affect more than the eyes. 


Unfortunate, but true. 
Minutes after a single dose of 
an ocular beta blocker, the 
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Please see brief summary of prescribing information adjacent to this advertisement. 


©1990 Alcon Laboratories, Inc. 


Alcon 
OPHTHALMIC 


Alcon Laboratories, Inc 
Fort Worth, Texas 76134 


BETOPTICE® S (betaxoio! HC!) 0.25% as base Sterile Ophthalmic Suspension 


DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol! hydrochloride, a 
cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angle 
glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 
pressure lowering medications. 

CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 
same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 
BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 
failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at the first signs of cardiac failure. 

PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of hyperthyroidism, 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 
consistent with certain myasthenic symptoms (e.g., diplopia, ptosis and generalizec weakness). 
Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 
agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 
rechallenges of some such patients with ophthalmic betaxolol has not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 
orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 
effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 
observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent; therefore, 
caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: In 
patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
constriction of the pupil with a miotic agent. Betaxolol has little or no effect on the pupil. When 
BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
Impairment of Fertility: Lifetime studies with betaxolol HCI have been completed in mice at oral 
doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HCI demonstrated no 
carcinogenic effect. Higher dose levels were not tested. In a variety of in vitro and in vivo bacterial and 
mammalian cell assays, betaxolol HC] was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 
administered betaxolol HCI in rats and rabbits. There was evidence of drug related postimplantation 
loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolol HCI was 
not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 
subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women. 
BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether betaxolol HC! is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have not been established. 

ADVERSE REACTIONS: Ocular: In clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 
foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
with other formulations of betaxolol include allergic reactions, decreased corneal sensitivity, edema 
and anisocoria. Systemic: Systemic reactions following administration of BETOPTIC S Ophthalmic 
Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include; 
Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 
characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
failure. Central Nervous System: Insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 

OVERDOSAGE: No information is available on overdosage of humans. The oral LD50 of the drug 
ranged from 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be 
expected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent 
are bradycardia, hypotension and acute cardiac failure. A topical overdose of BETOPTIC S Ophthalmic 
Suspension 0.25% may be flushed from the eye(s) with warm tap water. 

CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 

U.S. Patent Nos. 4,252,984; 4,311,708; 4,342,783;4,911,920. 


Alcon 
OPHTHALMIC 


ALCON LABORATORIES, INC. 
FORT WORTH, TEXAS 76134 


The American Medical Association 
and the National Health Lawyers 


present 
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Legal Pitfalls and Solutions 


The best physician’s 
handbook on the legal risks 
of medical practice 


Physician's Survival Guide is 
written especially for the nonlegal 
professional, providing practical 
guidance on avoiding the myriad 
pitfalls in the physician's legal 
environment. It’s a must-read for practicing physicians, 
physician administrators and their advisors. 

From referral practices to reimbursement, your practice 
environment is becoming more complex. Today, you need 
to arm yourself with the right knowledge about the law, your 
rights and your liabilities ...and you can, with Physician's 
Survival Guide. 

Only the American Medical Association and the 
National Health Lawyers Association could join forces to 
create such an authoritative broad-range survey of the 
complex legal issues facing today’s physician, including: 


Critical care decision- 


making 

e Fraud, abuse and To order immediately, 
eo call 1-800-621-8335. 

e Hospital contracts 

e Malpractice 


e Antitrust law 
è Employment discrimination 
eè Joint ventures pitfalls. 














Don’t wait. 
Understand the law! 


Use your Visa, Mastercard, 
American Express or Optima 
card and order by phone 
1-800-621-8335. 

Have your card handy. 


For more information, return this coupon to: 
Office of the General Counsel, 

American Medical Association, 

515 N. State Street, Chicago, IL 60610. 

‘Send me more information about ordering my copy of 
Physician's Survival Guide: Legal Pitfalls and Solutions. OP631091 


AMA Member—$40 Nonmember—$50 
Plus applicable state sales tax . 
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An LIU 
worth looking into. 


our clear, non-moving eye safety filter protects 
your own eyes, eliminating the risk of mechanical 
malfunctions possible with other LIOs. 

If you already own an OcuLight® SL, you 
have experienced the portability and reliability of 
diode lasers. 

Now you can easily upgrade your system to the 
new SLX for 3W of power, delivery up to 1.5W 
through the LIO — it’s compatible with both 
OcuLight models. And you'll still have expansion 
capability for new delivery systems and applica- 







It’s not just that the tions as they're approved. 
IRIS Laser Indirect An investment in one laser source from 
Ophthalmoscope has IRIS Medical is equipment that only gains in value 
fully enclosed ¢ for your practice. 
optics that 
makes it so 
great. But 
the protec- 


Superior 
illumination and optics 


tion it pro- 
. ` will make you want to 
vides from possible use the IRIS LIO for diag- 


misalignment or contamination  nosties, too. 
assures your laser beam delivery is where you E T EAE EEEE 
expect it to be every time. Portability and standard power outlets, or even battery 





On the other hand, you might bei just as power, allow you to treat wherever you want to be. 
impressed with the laser aiming/treatment and Call us now for a free demonstration, clinical 
the illumination beams, with independent con- articles, or information on seminars that will help 
trols for each, that follow the same path through put these products to work for you. 

the LIO. You’re guaranteed being able to see Find out why more doctors are using this 
clearly in the treatment area, even in the far wavelength. And how this LIO 
) periphery of the eye. can give you a clear 







The 810nm diode wavelength view of the future. 
eliminates the color distortion that 
results from filters required during 


/ argon laser treatment. And 


™ 


IRIS 
Medical 


800-388-4747 
See us at AAO, Booth #704-707 


© 1991 IRIS Medical. OcuLight is a registered trademark of IRIS Medical 
340 Pioneer Way, Mountain View, CA 94041 415-962-8100 


fA growing family of probes 
includes future capability for 
transscleral treatment of retinal 
detachments and glaucoma. 


64 


Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is wpdated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
inclusion in the list free of charge. Listings will be published for 3 consecutive months and 
should be received at least 5 months prior to date of course, eg, for a June course by Jan 1 
to be included in the March, April, and May issues. A course held between the first and 
14th days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Anne Meltzer, Archives of Ophthalmology, CME, 
600 N Wolfe St, Baltimore, MD 21205. Readers are encouraged to contact the accredited 
sponsor for more detailed information. i 


tes & Prac Mgmt At: San Francisco Dates: 
7/29/92 to 8/2/92 Hrs Instr: 1 per each hour of 
attendanee Contact: Sarah Samuels, AAO, 655 


CALIFORNIA 
Am Acad of Ophthalmol (AAO) 1992 Summer 


Inst on Cornea, Glaucoma, Retina, Phaco- 
emulsification, Automated Perimetry, Diabe- 


Beach St, San Francisco, CA 94109; (415) 561- 
8500 


FLORIDA 


Florida Winter Workshop—10th Ann Mtg At: 
Hollywood Dates: 12/27/91 to 12/29/91 Sponsor: 
Canadian Implant Assn Contact: Marvin L. 
Kwitko, MD, Prgm Chairman, 5591 Cote des 
Neiges Rd, Montreal, Quebec, Canada, H3T 
1Y8; (514) 735-1133 


1991 Bascom Palmer Clin Retina Update 
Course At: Miami Dates: 12/6/91 to 12/7/91 Hrs 
Instr: 7.5 Reg Fee: $160 Contact: CE in Ophth- 
almol, PO Box 015869, Miami, FL 33101; (305) 
326-6099 


Three Steps to Phaco At: Orlando Dates: 
11/15/91 to 11/16/91 Contact: Tami Willems, 
IOLAB Corp, 500 IOLAB Dr, Claremont, CA 
91711; (800) 423-1871 or (800) 352-1891 (inside 
Calif) 


Next Step to Phaco At: Orlando Dates: 11/15/91 
to 11/16/91 Contact: Tami Willems, IOLAB 
Corp, 500 IOLAB Dr, Claremont, CA 91711; 
(800) 423-1871 or (800) 352-1891 (inside Calif) 


GEORGIA 


Curr Neuro-Ophthalmol At: Atlanta Date: 
12/6/91 Hrs Instr: 6 Contact: Emory Univ Sch of 
Med, CME, 1440 Clifton Rd, Atlanta, GA 30322; 
(404) 727-5695 


HAWAII 


Ophthalmol Update Course At: Mauna Lani 
Dates: 12/1/91 to 12/5/91 Reg Fee: $495 Contact: 
(Continued on p 1468.) 


Announcing the 18th Annual 


FRONTIERS IN 
OPHTHALMOLOGY 


acontinuing medical education 
seminar to be held 


RON | February 20, 21 & 22, 1 
TERS IN | Y pea 


atthe famed 
Red Lion's La Posada Resort 
Scottsdale, Arizona 


OPHTHALMOLOGY 


Topics and faculty members will include: 


. CATARACT: Samuel Maskett, M.D., UCLA Jules Stein Eye 

Institute * CORNEA: James J. Salz, M.D., University of 
Southern California Ħ* GLAUCOMA: Peter G. Watson, 
ER.C.S., FC. Ophthalmology, Addenbrookes Hospital 

+ NEURO-OPHTHALMOLOGY: Richard P Mills, M.D., 

University of Washington *OCULOPLASTIC: Richard 
Dortzbach, M.D., University of Wisconsin »*RETINA- 

VITREOUS: Kirk Packo, M.D., Rush University/Ingalls Hospital 


Sponsored by St. Luke's Medical Center, 
and Prentice Eye Institute, Phoenix 


Edward L. Shaw, M.D., Seminar Chairman 
Category 1 C.M.E. Credit will be awarded 


Frontiers in Ophthalmology 
February 20, 21 & 22, 1992 


For pre-registration or request for information: 











Name 
Addres 
«City ce Se State 
Zip ——___,_____Telephone ( ) 


Registration Fee $375 


E If registering please fill out form and send with check. If for information only, 


please fill out and send either/or to: 
Christine Campbell, Meeting Planner 
‘ ~ Frontiers in Ophthalmology 
1419 E; Divot Drive Tempe, Arizona 85283 
(602) 820-7027 
Make check payable to "St. Luke's Medical Center.” 


10th ANNUAL PARK CITY 
MULTIDISCIPLINARY EYE AND FACIAL 
PLASTIC SURGERY CONFERENCE 


February 1-4, 1992 
Olympic Hotel — Park City, Utah 


A program for ophthalmologists, otorhinolaryngologists, 
dermatologists, plastic surgeons and oral surgeons. 


Co-Chairmen: 

Jeffrey C. Popp, M.D., F.A.C.S. 

Clinical Assistant Professor, Department of Ophthalmology 
Director, Oculoplastic, Orbital & Oncology Services 
University of Nebraska Medical Center 

Creighton University School of Medicine 

Omaha, Nebraska 

Robert M. Dryden, M.D., F.A.C.S. 

Clinical Professor, Department of Ophthalmology 

Director, Section of Eye Plastics and Reconstructive Surgery 
University of Arizona College of Medicine 

Tucson, Arizona 


Program Faculty: A. Jan Berlin, M.D., Louise Berlin, R.D.M.S., Michael 
Callahan, M.D., William Casey, M.D., Stanley Coulthard, M.D., C. James 
Fleming, M.D., John Harrington, M.D., Calvin Johnson, Jr., M.D., 
Lawrence Katzen, M.D., Peter Kay, M.D., Mark May, M.D., Janet Neigel, 
M.D., James Orcutt, M.D., William Offutt, IV, M.D., Vito Quatela, M.D., 
Joachim Seeger, M.D., Nicholas Soldo, M.D., Dean Toriumi, M.D., Tom 
Wang, M.D., Paul Weber, M.D., T. David Wilkes, M.D., Allan Wulc, M.D. 


* xx SPECIAL MINI WORKSHOP ON MIDAS REX DRILL xxx 


Sponsored by: The University of Nebraska Medical Center, Department 
of Ophthalmology 


Approved for AMA Category | — 16 hours 


For further information, contact: University of Nebraska Medical Center, 
Center for Continuing Education, 600 South 42nd Street, Omaha, NE 
68198-5651. Telephone (402) 559-5925. 





LSU «EYE4CENTER 
OPHTHALMOLOGY 4 UPDATE « COURSE 


DECEMBER 1-5, 1991 
The Ritz-Carlton 
Mauna Lani, Hawaii 
Additional guest 
faculty includes 
Japan’s leading 
Ophthalmologist 
Registration Limited * CME Credits Available 
Registration Fee: $495 
For further information contact: 


Emily Varnell 
LSU Eye Center 
2020 Gravier Street, Suite B 
New Orleans, LA 70112 • (504) 568-6700, ext. 336 


(670-7827). Ou 
is ready to help ` 
can be answere 


GUEST FACULTY 
Howard Fine, M.D. 


LSU FACULTY 


Stuart Ball, M.D. 

Bruce Barron, M.D. 

Herbert Kaufman, 
M.D. 

Stephen Klyce, Ph.D. 

Marguerite McDonald, 
M.D. 


Gholam Peyman, M.D. 


TOPICS INCLUDE 


Phacoemulsification 
Excimer laser 
Refractive surgery 
Corneal topography 
Herpetic eye disease 
Endophthalmitis 
Diabetic retinopathy 
CMV retinitis 
Uveal melanomas 
Glaucoma surgery 


American Medical Association 
Physicians dedicated to the health of America 





THE FOURTH OKLAHOMA 
NEURO-OPHTHALMOLOGY COURSE 


THE BASICS OF 
NEURO-OPHTHALMOLOGY 


Emphasizing the following: The Neuro- 
Ophthalmologic Exam, The Pupil, 
Visual Loss Workup, Optic Nerve Djs- 
orders, Diplopia Workup, Motility Dis- 
orders, Headache, Visual Fields, Chias- 
mal and Parasellar Disease, Thyroid 
Eye Disease, Myasthenia Gravis, 
Strokes, Pseudotumor Cerebri, and 
other entities. 


OCTOBER 24-25, 1991 
OKLAHOMA CITY, OKLAHOMA 
WATERFORD HOTEL 


J. LAWTON SMITH, M.D. 


JOHN A. McCRARY, M.D. 
BRADLEY K. FARRIS, M.D. 


SPONSORED BY 
THE DEPARTMENT OF OPHTHALMOLOGY 
DEAN A. MCGEE EYE INSTITUTE 


IN CONJUNCTION WITH 
THE OFFICE OF CONTINUING MEDICAL EDUCATION 
THE UNIVERSITY OF OKLAHOMA HEALTH SCIENCES CENTER 
COLLEGE OF MEDICINE 
OKLAHOMA CITY, OKLAHOMA 


The University of Oklahoma College of Medicine is 
accredited by the Accreditation Council for Con- 
tinuing Medical Education (ACCME) to sponsor 
continuing medical education for physicians. 


The Office of Continuing Medical Education of the 
University of Oklahoma College of Medicine desig- 
nates this continuing medical education activi 
as meeting the criteria for 11 credit urs"in 
Category | of the Physician's ean of 
the American Medical Association. 


For further information contact the Offic keirin P 
ing Medical Education at 405/271 -2350x Es 
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niroducing SIUR, 
PREMIERE SmallPort Pha 


© 1990 STORZ i ges Was rgsfored Hdemar of Ophtholmocare, Inc. SPA-370 





ere lechnique Anc 
Technology Go Hand In Hand 


Standard phaco needle P 
y G 
8 H” SmallPort™ needle 


Unique “small port’’ design allows increased aspi- 
ration levels while decreasing need for phaco power. 


Linear vacuum precisely controls the nucleus. 
Greater needle area results in efficient ultrasound. 


The reliable STORZ PREMIERE™ Microsurgical Sys- 
__tem—A new standard in phaco control technology. 


Storz fulfills the promise of 
phacoemulsification. . . 


More than any other surgical innovation, 
phacoemulsification has revolutionized the art 
and science of cataract extraction. Now Storz 
Ophthalmics introduces a major breakthrough 
in phaco. PREMIERE SmallPort™ Phaco Micro- 
surgical System—an innovation that decreases 
the need for total phaco power by utilizing full 
range Venturi aspiration and maximizing 
acoustic power efficiency. 


The new PREMIERE SmallPort™ Phaco System 
is unique in that one handpiece may be used 
for the entire phaco procedure—from emulsify- 
ing the hard nucleus or aspirating a soft 
nucleus to cortical cleanup and polishing the 
capsule. There’s no need to exit and reenter 
the eye with a second instrument. 


The revolutionary SmallPort™ Phaco is availa- 
ble exclusively on the STORZ PREMIERE. The 
PREMIERE, the most advanced and reliable 
microsurgical system available, features precise 
Venturi pump technology for the maximum 

in surgeon control. With PREMIERE, you can 
finally perform phacoemulsification at its 

full potential. 


The Single Source for Small Incision Surgery™ 
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Emily Varnell, LSU Eye Center, 2020 Gravier 
St, Suite B, New Orleans, LA 70112; (504) 568- 
6700, ext 336 


MARYLAND 


Mgmt of Diabetic Retinopathy: Application of 
Guidelines from 1991 ETDRS Publication At: 
Baltimore Date: 11/15/91 Hrs Instr: 8 Reg Fee: 
$200, $100 for residents, fellows & allied health 
professionals Contact: Prgm Coord, The Johns 
Hopkins Med Inst, Office of CE, Turner Bldg, 
720 Rutland Ave, Baltimore, MD 21205; (301) 
955-2959 


Fourth Ann Wilmer Inst Current Concepts in 
Ophthalmol and Hands-on Excimer Laser & 
Phacoemulsification Wet Labs At: Baltimore 
Dates: 12/12/91 to 12/14/91 Hrs Instr: 20 Reg 
Fee: $300, $250 for those in training Contact: 
Prgm Coord, The Johns Hopkins Med Insts, Off 
of CE, Turner Bldg, 720 Rutland Ave, Balti- 
more, MD 21205; (301) 955-2959 


Recent Advances in the Mgmt of Age-Related 
Macular Degeneration: Guidelines from Re- 
cent Clin Trials At: Baltimore Date: 1/25/92 Hrs 
Instr: 8 Reg Fee: $200, $100 for residents, 
fellows & allied health profs Sponsor: The Wil- 
mer Ophthalmol Inst, The Johns Hopkins Medi- 
cal Insts Contact: Prgm Coord, The Johns Hop- 
kins Medical Insts, Office of CE, Turner Bldg, 
720 Rutland Ave, Baltimore, MD 21205; (301) 
955-2959 


MASSACHUSETTS 


Third Ann Massachusetts Eye & Ear Infirmary 
(MEEI) Neuro-Ophthalmic Fall Festival At: 
Boston Dates: 10/26/91 to 10/27/91 Hrs Instr: 11 
Reg Fee: $250, $100 for residents/fellows & 
other profs Contact: Harvard MED-CME, PO 
Box 825, Boston, MA 02117; (617) 432-1525 


Extracranial Optic Nerve Decompression Mtg 
At: Boston Dates: 11/2/91 to 11/3/91 Sponsor: 
Dept of Ophthalmol & Otolaryngology, Massa- 
chusetts Eye & Ear Infirmary Contact: Michael 
P. Joseph, MD, Massachusetts Eye & Ear Infir- 
mary, 243 Charles St, Boston, MA 02114; (617) 
573-3192 


NEVADA 


Contact Lens Assn of Ophthalmologists 
(CLAO) 1992 Ann Mtg At: Las Vegas Dates: 
1/15/92 to 1/18/92 Contact: Mtgs Registrar, 
CLAO, 523 Decatur St, Suite One, New Orleans, 
LA 70130-1027; (504) 581-400; FAX (504) 581- 
5884 


NEW YORK 


Basic Sci Course in Ophthalmol At: New York 
Dates: 9/3/91 to 12/20/91 Hrs Instr: 154 Reg Fee: 
$1100 Contact: NYU Med Ctr, Postgrad Med 
Sch, 550 First Ave, New York, NY 10016; (212) 
263-5295 


The LuEsther T. Mertz Vitreous-Retina-Macula 
Lec At: New York Date: 10/22/91 Lecturer: Kurt 
Gitter, MD Reg Fee: None Contact: Kimberly 
Corbin, Course Coord, Manhattan Eye, Ear & 
Throat Hosp, 210 E 64th St, New York, NY 
10021; (212) 605-3761; FAX (212) 753-7699 


Fall Mtg of the New York Soc for Clin Ophthal- 
mol At: New York Date: 11/9/91 Sponsor: Man- 
hattan Eye, Ear & Throat Hosp Contact: Fran- 
cine Leinhardt, 210 E 64th St, New York, NY 
10021; (212) 838-9200, ext 2776; FAX: (212) 832- 
9126 


Corneal & External Diseases 1991: A Current 
Perspective At: New York Dates: 12/6/91 to 


12/7/91 Hrs Instr: 12.5 Contact: Sylvia Sorren- 
tino, Conf Coord, The Inst for CME, The New 
York Eye & Ear Infirmary, Second Ave at 
Fourteenth St, New York, NY 10003; (212) 979- 
4444 or (212) 979-4430 


Lasers in Ophthalmol At: New York Dates: 
1/10/92 to 1/11/92 Reg Fee: $400 Contact: Kim- 
berly Corbin, Course Coord, Manhattan Eye, 
Ear & Throat Hosp, 210 E 64th St, New York, 
NY 10021; (212) 605-3761; FAX (212) 753-7699 


NORTH CAROLINA 


Univ of North Carolina Ophthalmol Residents’ 

Day At: Chapel Hill Date: 12/7/91 Contact: 
Christine C. Cotton, Dept of Ophthalmol, CB 
#7040, 617 Burnett-Womack Bldg, Univ of 
North Carolina, Chapel Hill, NC 27599-7040 


PENNSYLVANIA 


Retina Update: Inflammatory Dis At: Philadel- 
phia Date: 12/7/91 Hrs Instr: 3 Reg Fee: None 
Contact: Lucia Manes, Wills Eye Hospital, 900 
Walnut St, Philadelphia, PA 19107; (215) 440- 
3168 


Retina Update: Inherited Retinal Dis At: Phila- 
delphia Date: 1/11/92 Hrs Instr: 3 Reg Fee: 
None Contact: Lucia Manes, Wills Eye Hospi- 
tal, 900 Walnut St, Philadelphia, PA 19107; (215) 
440-3168 


WEST VIRGINIA 


12th Ann Ophthalmol Clin Conf At: Morgantown 
Dates: 11/1/91 to 11/2/91 Contact: Patricia Schu- 
mann, Conf Coord, Dept of Ophthalmol, West 
Virginia Univ Health Sci Ctr N, Morgantown, 
WV 26506; (304) 293-3757 


WISCONSIN 


Current Concepts in Ophthalmol At: Milwaukee 
Dates: 11/8/91 to 11/9/91 Contact: Tammy Co- 
nant, The Eye Institute, 8700 W Wisconsin Ave, 
Milwaukee, WI 53226 


FOREIGN 


16th Ann Pediatric Ophthalmol Day At: Montre- 
al, Quebec, Canada Date: 11/1/91 Reg Fee $25, 
advanced reg Contact: Jean Milot, MD, Chair- 
man of the Scientific Prgm, Dept of Ophthalmol, 
Hopital Sainte-Justine, 3175, chemin Côte- 
Sainte-Catherine, Montreal, Quebec, Canada 
H3T 105; (514) 345-4714; FAX (514) 345-4805 


Neuro-Ophthalmol: A Rev & Update for Prac 
Ophthalmologists At: Toronto, Ontario, Cana- 
da Dates: 11/22/91 to 11/23/91 Contact: CE, 
Faculty of Med, Univ of Toronto, Med Sci Bldg, 
Toronto, Ontario, M5S 1A8, Canada; (416) 978- 
2718 


Internat! Symp on Graves’ Ophthalmol At: Am- 
sterdam, the Netherlands Contact: Amsterdam 
Thyroid Club, c/o W. M. Wiersinga, MD, Dept of 
Endocrinology, F5-258, Academic Med Ctr, Mei- 
bergdreef 9, 1105 AZ Amsterdam, the 
Netherlands 


14th Ann Wilmer Ophthalmol Inst Current Con- 
cepts in Ophthalmol & Hands-On Phacoemul- 
sification Wet Lab At: Dorado, Puerto Rico 
Dates: 2/9/92/ to 2/16/92 Hrs Instr: 30 Reg Fee: 
$500, $350 for those in training Contact: Prgm 
Coord, The Johns Hopkins Medical Insts, Office 
of CE, Turner Bldg, 720 Rutland Ave, Baltimore 
MD 21205; (801) 955-2959 


Second Symp on Recent Developments in the 
Immunopathology of Intraocular Inflammation 
At: Aberdeen, Scotland Dates: 10/22/91 to 
10/25/91 Contact: Prof JV Forrester, Dept of 
Ophthalmol, Univ of Aberdeen, Med Sch, For- 
esthill, Aberdeen, Scotland AB9 2DY 











The Lucky Ones 


These children have cheated death. 
Not long ago, each of them passed 
through the ordeal of cancer. Modern 
therapies administered to them at St. 
Jude Children's Research Hospital 
saved their lives. 

Thousands of children live today 
because of the love and dedication of 
St. Jude's researchers, doctors and 
nurses. 

But there was something else that 
saved the lives of these children — the 
many Americans who cared enough 
about the suffering of children to sup- 
port a hospital devoted entirely to treat- 
ing childhood catastrophic diseases. 

St. Jude depends upon donations 
from concerned people to continue its 
work because no family is ever held fi- 
nancially liable for treatment costs in- 


| curred at St. Jude. 


For more information on how you 
can help save more children, write to 
St. Jude, P.O.. Box 3704, Memphis, TN 
38103, or call 1-800-877-5833. 









































ST. JUDE CHILDREN’S 
RESEARCH HOSPITAL 


Danny Thomas, Founder 
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The Retinal Vascular Center 








The 
Wilmer 

Ophthalmological Institute 
at Johns Hopkins 































DIABETIC 
RETINOPATHY Garon pee le 


Management of Diabetic Retinopathy: 


Application of Guidelines from 1991 Special Guest Faculty 
ETDRS Publications Lloyd M. Aiello, M.D. 
George W. Blankenship, M.D. 
Friday, November 15, 1991 George H. Bresnick, M.D. 
Frederick L. Ferris III, M.D. 
and 


This course will stress diagnosis and treatment 
of all forms of diabetic retinopathy, applying and The Wilmer Faculty 
interpreting the results of available studies, in- 

cluding results of the Early Treatment Diabetic 

Retinopathy Study (ETDRS). Cases will be Location 

presented to encourage active participation and Johns Hopkins Medical Institutions 
discussion between registrants and faculty. The Balti Marland 

faculty, including principal investigators of the altimore, Marylan 
ETDRS, will stress: 


e How the ETDRS findings will change their Course Fee 
practice patterns $200 
e Recognition of stages of retinopathy for $100 (those in training) 


treatment with photocoagulation to prevent 
or reduce risk of visual loss 

e Diagnosis and photocoagulation of diabetic Continuing Education Credit 
macular edema 8 AMA Category 1 


e Treatment of severe nonproliferative and 
proliferative retinopathy 








CONTINUING EDUCATION PROGRAMS 


Recent Advances in the Management of e 22nd Anniversary Meeting of the Retinal 
Age-Related Macular Degeneration: Vascular Center 


Guidelines from 1991 MPS Publications The Retinal Pigment Epithelium in Health 

January 25, 1992 and Macular Degeneration: 

Baltimore, Maryland A Symposium for Clinicians and Basic 
Scientists 


June 5 - 6, 1992 
Baltimore, Maryland 


Laser Technology in Retinal Diseases — 
Current Concepts Diabetic Retinopathy 


May 16, 1992 October 23, 1992 
Baltimore, Maryland Baltimore, Maryland 








For Further Information — Office of Continuing Education, Johns Hopkins Medical Institutions, Turner 20, 
720 Rutland Avenue, Baltimore, Maryland 21205-2195, (301) 955-2959 
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All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or 
related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about "BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 


Box 


mail sent in care of Archives of Ophthalmology. 


CLASSIFIED 
INFORMATION 


3 times 
or more” 
$ .95 


Regular Classified 1 Time 
Cost per word $1.05 
Minimum ad: 20 words per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered one 
word, each abbreviation is considered one word, 
and figures consisting of a dollar sign and five 
numerals or less are considered one word. 
Cities and states consisting of two words or 
more are counted as one word: i.e., "New York" 
and "Salt Lake City". Zip code is considered one 
word and must appear in all ads. Telephone 
number with area code is considered one word. 
When box numbers are used for replies, the 
words "Box——, c/o AOP" are to be counted as 
three words. 


3 times 
or more* 
$603 
516 

456 


Classified Display 1 Time 


Full page 
Two-thirds page 
One-half page 
One-third page 362 
One-sixth page 241 
Column inch 75 
Minimum display ad: one column inch 

12-time and 24-time rates available on request. 


Display Production Charge: The publication will 
pub-set advertisements upon request. The type- 
setting fee is 10% of the one-time ad cost shown 
above. Special requests will be billed to the adver- 
tiser and/or agency at the then prevailing rates. 


Box Service 
Available for all ads. The cost is $15.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly mailed 
directly to you. 


Closing Date 


The 25th of the second month prior to issue date. 
Example: The November issue closes Septem- 
ber 25th. No ads can be cancelled after the 
closing date 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 


OF 
Ophthalmology 
Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 @ 813-443-7666 


Professional Opportunities 


GENERAL OPHTHALMOLOGIST - Prestigious, 
well-established ophthalmology practice in Chicago 
and northern suburbs looking for associate to begin 
immediately. Fellowship training in plastics, medical 
retina or cornea are desirable but not mandatory. 
Potential to possible partnership. Salary negotiable. 
Contact: Box #649, c/o AOP. 


RETINAL SPECIALIST 


Board-eligible/-certified retinal ophthalmologist to join our 
six-physician ophthalmic group practice. Our group 
practice is located 1'/« hours northwest of Philadelphia, 
Pennsylvania. Excellent medical community and family 
environment. Modern, well-equipped office with certified 
ancillary staff. The position offers excellent salary and 
fringe benefits with opportunity for partnership. Interested 
individuals should send curriculum vitae to: Mr. David L. 
O'Donnell, West Reading Ophthalmic Associates, 206 
South Sixth Avenue, West Reading, PA 19611. 
Telephone: (215) 378-1348. 


MAINE — Exceptional opportunity for BC/BE oph- 
thalmologist to join established ophthalmology 
practice in beautiful northern New England. Referral 
base 400,000 with 120,000 in immediate area. Wide 
ranging cultural, academic and recreational oppor- 
tunities. Modern, well equipped office adjoining 
growing medical center with extensive diagnostic 
and laboratory services. Association with opportunity 
for partnership. Send CV to: Jean H. Tibbetts, MD, 
Suite 230, 417 State Street, Bangor, ME 04401. 


AUSTIN, MINNESOTA has an immediate need for 
an ophthalmologist to join a busy general practice. 
Associate with an established clinic in an attractive, 
mid-sized community of 23,000. First year guarantee 
plus generous incentives. Contact: Jerry Hess or Bill 
Tendle, LifeSpan, 800 East 28th Street, Minneapolis, 
MN 55407. (800) 248-4921. 


WESTERN MOUNTAINS - Natural beauty and 
splendid outdoor recreation. Private practice oppor- 
tunity for BC/BE ophthalmologist. Small community 
hospital has excellent staff. Superb skiing, fishing, 
cycling, backpacking, etc. Traditional small town 
values with low crime, no gridlock, and high rate of 
collections. Numerous retirees. Write: Box #654, c/o 
AOP. 


PEDIATRIC OPHTHALMOLOGIST 


Second, full-time, academic pediatric ophthal- 
mologist needed for expanding department at 
children's hospital. BE/BC, fellowship trained 
Clinical, research and teaching responsibilities 
Position available immediately or will discuss 
starting date. Contact: David J. Schanzlin, MD, 
Chairman, Department of Ophthalmology, St 
Louis University School of Medicine, Bethesda 
Eye Institute, 3655 Vista, St. Louis, MO 63110 





VITREO-RETINAL SURGEON -— Southern New 
England practice limited to vitreo-retinal diseases 
seeks additional associate. Fellowship and board- 
certification required. Practice affiliated with medical 
school and residency teaching program. Send CV to: 
Box #650, c/o AOP. 


OPHTHALMOLOGIST: GENERAL — Preferred 
vitreo-retinal. Leading New York City eye center, 
busy surgical practice, excellent salary and future. 
Fully equipped facility. P.O. Box 20M, 220 East 65th 
Street, New York City, NY 10001. 


PLEASE NOTE — Address replies to box number 


ads as follows: Box number 
P.O. Box 1510, Clearwater, FL 34617. 


, c/o AOP, 


, c/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 


Professional Opportunities 


GLAUCOMA - Full-time position for a glaucoma 
specialist with opportunities for clinical research and 
teaching in a very busy not-for-profit setting. Can- 
didate must be BC or BE, and at least one year of 
subspecialty training in glaucoma. Practice is located 
in a modern, state-of-the-art equipped facility in the 
scenic Black Hills area of South Dakota. The facility 
includes subspecialists in retina, pediatrics, neuro, 
plastics, cornea , and anterior segment. This region- 
al center serves patients from a five state area and 
provides services at fifteen satellite locations. Please 
forward letters of application and curriculum vitae to: 
Joseph Dillenburg, Executive Director, Black Hills 
Regional Eye Institute, 2800 South Third Street, 
Rapid City, SD 57701. 


VITREO-RETINAL SURGEON: Dynamic medical/ 
surgical retina vitreous only practice in large mid- 
western city seeks fellowship trained vitreo-retinal 
surgeon. Academic affiliation available. BE/BC. Send 
CV to: Box #655, c/o AOP. 





RETINA: Busy retina practice in the midwest seeks 
a vitreo-retinal surgeon. Fellowship required. 
Association leading to partnership. Send CV to: Box 
#646, c/o AOP. 

The Moses Lake Clinic, a divi- 


AR Moses 
ALFA Lake 
a ake à Clinic 
sion of Wenatchee Valley Clinic, 


is seeking a general ophthalmologist to join a busy estab- 
lished practice. Excellent surgical volume. Guaranteed 
salary and partnership track available. Excellent benefit 
package. Family oriented community with a large rural 
service area. Abundant four-season recreational oppor- 
tunities. Contact: 


R. Bennion, MD 
MOsEs LAKE CLINIC 
840 Hill Avenue, Moses Lake, WA 98837 


OPHTHALMOLOGIST 
WASHINGTON 


OPHTHALMOLOGIST desiring long-term associ- 
ation. BC/BE general ophthalmologist; subspecialty 
training and/or previous practice experience desirable 
but not mandatory. Join existing practice expanding 
to three ophthalmologists, largely secondary and 
tertiary care. Excellent office/ASC, hospital facilities 
and staffs. Attractive family-oriented community of 
100,000 nestled in Yellowstone Valley, one hour from 
Rocky Mountains. Drawing area 250,000-350,000. 
Salary with incentive. Progressing to full partnership. 
Send CV/references. Billings Eye Clinic, 34 
Heatherwood Lane, Billings, MT 59102. 


ATTENTION PHYSICIAN RECRUITERS. The 
"Classified Advertising" sections in all nine AMA 
Specialty Journals target the physician you want. 
These highly visible sections put your message in the 
hands of every specialist that qualifies for your pro- 
fessional opportunity, every month. To place the ad 








~ of your choice, any size, call toll free: (800) 237-9851; 


local (813) 443-7666. 





RETINA/VITREOUS — HAWAII: BC/BE ophthal- 
mologist with fellowship training or strong interest in 
medical and surgical retina is sought for a position 
with seven other ophthalmologists and twelve 
optometrists. The eye department services the needs 
of 180,000 members of the Kaiser Permanente 
Medical Care Program in Hawaii. Sub-specialties of 
cornea and glaucoma are represented within the 
Group. Only medical and surgical practice is 
involved, no refractions. Favorable starting salaries, 
opportunity for academic association. Reply to: 
Stephen Miller, MD, Chief, Ophthalmology Depart- 
ment, Kaiser Permanente Medical Center, 3288 
Moanalua Road, Honolulu, HI 96819. Telephone: 
(808) 529-2669. An equal opportunity employer. 





Marshfield Clinic, a 400 physician multi- 
specialty group practice, Is seeking BE/BC 
eek phd a to jolin expanding re- 
gional centersin ASHLAND and RICE LAKE, 
WISCONSIN, These are beautiful, wooded 
Wisconsin areas with an abundance of 
lakes, rivers and streams. Each Is Ideally 
sulted for physicians seeking to combine 
professional excellence In a Midwest, 
famlly-orlented location offering excep- 
tlonal four-season recreational activities. 
Ashland is a community of 9,000 located 
on the southern shores of Lake Superior. 
This Is a single-specialty group seeking a 
third partner. Rice Lake is a lakeside 
community of 8,500 people located less 
than 2 1/2 hours northeast of Minneapolls/ 
St. Paul. This Is a growing multispeclialty 
group practice of 18 physicians. Wiscon- 
sin consistently leads the nation In ACT 


scores and the school systems In these 


communities are excellent. Each has Its 
own special qualities with more attractive 
features relative to Individual needs and 
preferences. The Initial total compensa- 
tlon package is valued In excess of 
$200,000, If this combination of profes- 
slonal excellence and life-style made 
possible through the backup resources of 
a leading medical center In conjunction 
with the uncommon, varled beauty of 
Wisconsin's and and lakes sounds Interest- 
Ing to you, please send C.V. and refer- 


ences fo: David L. Draves, 
Director Reglonal 
Development 
1000 North Oak Avenue 
Marshfield, WI 54449 
or call 1-800-826-2345, 
extension 5376 


Marshfield Clinic 


Giaucoma | 
SPECIALIST 


Marshfield Clinic, a 400 physi- 
clan multispecialty group 
practice, Is seeking a fellow 
trained Glaucoma specialist 
for Its specialty ophthalmol- 
ogy department. 


Qualified physician would join 
a nine member department 
with one existing Glaucoma 
specialist. Competitive salary, 
excellent fringe benefits, with 
equipment and support staff 
provided. Large referral base 
with nearest Glaucoma spe- 
cialist more than 100 miles dis- 
tant. Area offers a wide variety 
of outdoor recreational Op- 
portunities. For more informa- 
tion send CV or contact : 


Dr. Richard Patchett 
1000 North Oak Avenue 
Marshfield, WI 54449 
or call (715) 387-5236 


Professional Opportunities 


BOARD-CERTIFIED OPHTHALMOLOGIST wanted 
with fellowship training in uveitis and immunology. 
Contact: Richard A. Eiferman, MD, University of 
Louisville, 301 East Muhammad Ali Boulevard, 
Louisville, KY 40202. 


OPHTHALMOLOGIST — Central California, large 
volume, well established, well respected, ASC and 
clinic. New, modern facility and equipment potential 
for significant anterior segment surgery. Early part- 
nership. Send CV to: Frederick A. Richburg, MD, 
Valley Eye Institute, 1680 East Herndon Avenue, 
Fresno, CA 93720. 








GLAUCOMA SPECIALIST — Ethical, expanding solo 
practice in eastern Pennsylvania with high pathology, 
high volume is seeking a strongly motivated second 
ophthalmologist. Subspecialty training in glaucoma or 
pediatrics is desirable but not necessary. Outstanding 
opportunity for growth oriented practitioner interested 
in excellent compensation package leading to part- 
nership. Historic community ideal for family living with 
universities, arts and recreational activities. Easy 
access to Philadelphia and New York. Send CV and 
letter to: Box #657, c/o AOP. 





Practices Available 





SOUTHERN CALIFORNIA — Exceptional oppor- 
tunity to join a state-of-the-art equipped office 
located in an explosive growth area between Los 
Angeles and San Diego. Reasonable price, flexible 
terms, with salary guarantee while retiring 
ophthalmologists transfer their premier practice to 
you. For further information: Roy D. Sutton, Ill, 
Agent, 5250 West Century Boulevard, Suite 450, 
Los Angeles, CA 90045. (213) 216-2500. 


SOLO PRACTICE — General ophthalmology. Profit- 
able high per capita income, west Texas. Modern 
office equipment, minor operating suite, microscope, 
ultra sound, micro surgical instruments. Two hospi- 
tals, good schools, college and university. High 
practice expansion potential in pediatrics and 
surgery. Box #635, c/o AOP. 





UTAH — Growing ophthalmology practice with a high 
net income available in Salt Lake City. Enjoy Utah's 
scenery, recreation and skiing. For confidential 
information, contact: Gary Schaub, P.O. Box 69155, 
Portland, OR 97201. Telephone: (503) 223-4357. 


SOUTHERN CALIFORNIA general and subspecialty 
practices for sale: Coastal communities, great 
climate and schools. General and anterior segment 
subspecialty offices near retirement communities. 
Will stay to introduce. Box #656, c/o AOP. 


GENERAL OPHTHALMOLOGY PRACTICE for sale. 
Health requires immediate retirement. Completely 
stocked optical shop included. Located: Durham- 
Chapel Hill, North Carolina. Call: (919) 286-9663. 


FLORIDA GENERAL OPHTHALMOLOGY practice. 
Turn key operation. Seller wishes to retire after thirty 
years eye surgery/medicine in southeast Florida 
oceanside community. Box #658, c/o AOP. 








Fellowships 


CORNEA FELLOWSHIP: A ONE-YEAR fellowship 
in cornea and external disease is offered which will 
provide significant medical and surgical training. 
Surgical experience will include corneal trans- 
plantation, intraocular lens exchange, keratomileusis, 
lamellar keratoplasty procedures, hydrogel inlays, 
and keratoprosthesis. Involvement in current and 
new research activities is encouraged. Interested 
applicants contact: Francis W. Price, Jr., MD, or 
William E. Whitson, MD, Corneal Consultants of 
Indiana, 9002 North Meridian Street, Suite 100, 
Indianapolis, IN 46260. 


PLEASE NOTE - Address replies to box number 


ads as follows: Box number 


ae VOLOP, 
P.O. Box 1510, Clearwater, FL 34617. 


VITREOUS 
AND 
RETINAL SURGEON 


A second vitreous and retinal 
surgeon is needed to join our 
Ophthalmology Division which has 
a staff of five ophthalmologists 
representing several sub-specialties 
located on the main campus in 
Urbana. A one or two year vitreo- 
retinal fellowship is expected. Carle 
Clinic Association is a 218 physi- 
cian, private multi-specialty group 
practice associated with the 
University of Illinois, College of 
Medicine. Extensive fringe benefits 
include malpractice coverage, 
outstanding retirement package, 
health, life and disability insurance, 
moving allowance and excellent 
vacation and meeting time. Write 
including CV to: 


Robert C. Parker, Jr., MD 
Medical Director 
CARLE CLINIC 
ASSOCIATION 


602 West University 
Urbana, Illinois 61801 


Or call collect (217) 337-3417. 


OCULAR 
IMMUNOLOGY 
FELLOWSHIP 


Harvard Medical School and 
the Massachusetts Eye and Ear 
Infirmary. One and two year 
positions — 1992. Research 
and clinical (medical and 
surgical) training in external 
and intraocular inflammatory 
diseases. Faculty: two senior 
staff ocular immunologists, a 
PhD immunologist, and a 
molecular biologist. Over 
5,000 patient visits per year. 
Salary: dependent upon 
background, experience, and 
fund availability. 


For further information and 
application contact: 


Dr. C. Stephen Foster 
Director, Immunology Service 
MASSACHUSETTS EYE 
AND EAR INFIRMARY 
243 Charles Street 

Boston, MA 02114 
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Faculty Positions 


DEPARTMENT OF OPHTHALMOLOGY and Visual 
Sciences at Washington University School of 
Medicine is seeking two faculty members: A pediatric 
ophthalmologist; and oculoplastic surgeon to join a 
busy, expanding university eye center at the assistant 
professor level. Applicants should have satisfactorily 
completed an ophthalmology residency program and 
fellowship in the desired specialty and should be 
board-eligible or -certified. Clinical management of 
patients, clinical and/or basic science research and 
academic teaching are included in responsibilities. 
Send CV to: Henry J. Kaplan, MD, Professor and 
Chairman, Department of Ophthalmology and Visual 
Sciences, 660 South Euclid Avenue, Campus Box 
8096, St. Louis, MO 63110. An equal opportunity/ 
affirmative action employer, M/F/H/V. 





Positions Wanted 


MEDICAL OPHTHALMOLOGY - Board-certified. 
Licensed Florida, California and Massachusetts. 
Desire part-time, full-time or locum tenens. Twenty 
years experience in general ophthalmology. (813) 
381-3015. Box 3630, Seminole, FL 34642. 








Medical Equipment/Supplies 


MEDICAL EQUIPMENT/Supplies — Belrose Haag- 
Streit Type Slit Lamps: $2,995. Belrose Applanation 
Tonometers: $995. Belrose Keratometers: $1,250. 
Belrose Projectors: $520. Belrose Poc Wall 
Brackets: $98. Demo Topcon SPP-1000 com- 
puterized perimeter/power table: $8,500. 
Reconditioned Haag-Streit Perimeter: $3,950. 
Reconditioned Mentor Perimeter: $3,450. Belrose 
Refracting Equipment Company, 3734 West Oakton 
Street, Skokie, IL 60076. (800) 875-5235. 


















Academic 
Ophthalmologist: 


GLAUCOMA 


Southern Illinois University School of 
Medicine in Springfield, Illinois, nas an 
academic ophthalmology position open 
for an individual specializing in glau- 
coma. Requirements for the position 
include competency in teaching, an 
interest in basic science or Clinical 
research, completion of a one-year 
fellowship in glaucoma and board- 
certification or board-eligibility in 
ophthalmology. Individuals hired to 
alternate rank positions may sub- 
sequently be considered for transfer to a 
tenure-eligible faculty rank under 
appropriate circumstances, as set forth 
in the School of Medicine guidelines. 
Curriculum vitae and letter of inquiry 
should be sent to: 












Lance P. Steahly, MD 
Professor and Chairman 
Southern Illinois University 
School of Medicine 
Division of Ophthalmology 
Department of Surgery 
Post Office Box 19230 
Springfield, IL 62794-9230 











Southern Illinois University School of 
Medicine is an equal opportunity/ 
affirmative action employer. 






GLAUCOMA FACULTY 
POSITION 


Boston University School 
of Medicine 


Department of Ophthalmology 


The Department of Ophthalmology at Boston University School of Medicine 


has a full-time 


sition available for a glaucoma specialist. This position 


includes clinical and teaching ssoiqnmanta with unlimited opportunities for 


clinical and/or laboratory research. 


he position includes an appointment as 


Director of Glaucoma Consultation Service at University Hospital and 
Boston City Hospital, and Associate Director of Ophthalmology at Boston City 


Hospital. 





















The candidate must be Board certified or eligible with advanced training in 
glaucoma. Base salary and fringe benefits are provided, and there is a 
generous opportunity for private practice. 


Contact: Howard M. Leibowitz, M.D., Boston University School of 
Senone, Department of Ophthalmology, 80 E. Concord Street, Boston, 
2118. 


Boston University is an affirmative action, equal opportunity employer. 


Boston University 
Medical Campus 
















RETINA/VITREOUS 
SPECIALIST 


The Department of Ophthalmology at the 
University of Cincinnati has an immediate open- 
ing on its faculty for a full-time retina/vitreous 
specialist. The initial appointment will be at the 
level of Assistant or Associate Professor, 
depending on previous experience. 


Requirements include graduation from an 
accredited medical school, eligibility for medical 
licensure in Ohio, satisfactory completion of an 
accredited residency in ophthalmology, at least 
one year of appropriate fellowship, and certifica- 
tion or reasonable expectation of certification by 
the American Board of Ophthalmology or an 
equivalent certifying agency. The successful can- 
didate will be an established investigator or have 
evidence of potential for success in academic 
ophthalmology. 


Responsibilities will include instructing resi- 
dents and medical students in the classroom, 
faculty practice and clinics, and operating room; 
medically supervising the Ophthalmic Clinical 
Laboratories; providing administrative service; 
and being involved in medical and scientific 
investigations. 


The University of Cincinnati is an affirmative 
action/equal opportunity employer. We are par- 
ticularly eager to receive applications from 
members of minority groups, women and handi- 
capped people. Inquiries should be addressed to: 





Joel G. Sacks, MD 
Professor and Director 
Department of Ophthalmology 


UNIVERSITY OF CINCINNATI 


231 Bethesda Avenue, ML 527 
Cincinnati, OH 45267-0527 
Telephone: (513) 558-5151 

FAX: (513) 558-3108 





LOYOLA UNIVERSITY 
CHICAGO 


The Department of 
Ophthalmology at Loyola 
University Chicago is seeking a 
full-time staff member with 
subspecialty training in glaucoma. 


Loyola University Medical Center 
is located in the western suburbs 
of Chicago, adjacent to the 
affiliated Hines VA facility. 


Applicants must have completed 
an eye residency and appropriate 
fellowship training. 


Responsibilities include patient 
care, teaching, laboratory and 
clinical research. 


Send curriculum vitae, list of 
references and other support 
information to: 


Walter M. Jay, MD, Chairman 
Department of Ophthalmology 
LOYOLA UNIVERSITY 

MEDICAL CENTER 

2160 South First Avenue 
Maywood, IL 60153 


Loyola University Chicago is an equal 
opportunity educator and employer. 
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THE AMA 


LOCUM 
TENENS- 


THE BEST WAY TO GET 
A QUALIFIED DEPUTY 
FOR YOUR OFFICE 


Locum Tenens is, literally, someone 
who holds another’s place while they 
pursue other objectives. Sort of a 
deputy to keep the office running 
smoothly. Someone who can give 
today’s physicians the opportunity 
they need in their careers for time 
away from their practices for contin- 
uing education or personal reasons. 


If you need a physician to give your 
career some flexibility, or you are a 
physician looking for a short-term 
assignment, the American Medical 
Association’s Physicians Career 
Resource can help you with a pro- 
fessional Locum Tenens Service. 


Locum Tenens are handled as part of 
the Physicians Placement Service. 
That means listings in the respected 
Opportunity Placement Register, and 
access to computerized CVs of physi- 
cians actively seeking short-term 
practice opportunities. 


It’s easy to register either as an 
employer or locum tenens physician. 
For more information and a registra- 
tion questionnaire, call or write: 


Locum Tenens Service 
Physicians Career Resource 
American Medical Association 
P.O. Box 10012 

Chicago, IL 60610 
1-(800)-955-3565 





™ 


PHYSICIANS 
CAREER 
RESOURCE 


FML Forte® 


(fluorometholone) 0.25% 
Liquifilm® sterile ophthalmic suspension 


INDICATIONS AND USAGE: FML Forte is indicated for the 
treatment of corticosteroid-responsive inflammation of the pal- 
pebral and bulbar conjunctiva, cornea and anterior segment of 
the globe. 

CONTRAINDICATIONS: 

e Epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, 
varicella, and other viral diseases of the cornea and conjunctiva. 
e Tuberculosis of the eye. 

e Fungal diseases of the ocular structures. 

e Hypersensitivity to any component of the medication. 
WARNINGS: Corticosteroid medication in the treatment of 
patients with a history of herpes simplex keratitis (involving the 
stroma) requires great caution; frequent slit lamp microscopy is 
mandatory. Prolonged use may result in glaucoma, with damage 
to the optic nerve, defects in visual acuity and fields of vision, 
and/or in posterior subcapsular cataract formation. It may also 
aid in the establishment of secondary ocular infections from 
fungi or viruses liberated from ocular tissues. In diseases 
causing thinning of the cornea or sclera, perforations have been 
known to occur with the use of topical corticosteroids. Acute 
purulent untreated infection of the eye may be masked or 
activity enhanced by the presence of corticosteroid medication. 
PRECAUTIONS: General: As fungal infections of the cornea are 
particularly prone to develop coincidentally with long-term local 
corticosteroid applications, fungal invasion must be suspected 
in any persistent corneal ulceration where a corticosteroid has 
been used or is in use. As with other corticosteroids, frequent 
intraocular pressure checks are warranted since a significant 
increase in IOP may occur in a small percentage of patients 
treated with FML Forte. Carcinogenesis, mutagenesis, 
impairment of fertility: No studies have been conducted in 
animals or in humans to evaluate the possibility of these effects 
with fluorometholone. Pregnancy Category C: Fluorometholone 
has been shown to be teratogenic and embryocidal in rabbits 
when given in doses approximating the human dose and above. 
There are no adequate and well-controlled studies in pregnant 
women. Fluorometholone should be used during pregnancy only 
if the potential benefit outweighs the potential risk to the fetus. 
Fluorometholone was ocularly applied to both eyes of pregnant 
rabbits at various dosage levels on days 6 to 18 of gestation. A 
significant dose-related increase in fetal abnormalities and in 
fetal loss was observed. Nursing Mothers: It is not known 
whether topical ophthalmic administration of corticosteroids 
could result in sufficient systemic absorption to produce 
detectable quantities in breast milk, nevertheless, the physician 
should consider having the patient discontinue nursing while the 
drug is being administered. Pediatric Use: Safety and 
effectiveness in children have not been established. ADVERSE 
REACTIONS: Adverse reactions include, in decreasing order of 
frequency, elevation of intraocular pressure (IOP) with possible 
development of glaucoma and infrequent optic nerve damage; 
loss of visual acuity or defects in fields of vision; posterior 
subcapsular cataract formation; delayed wound healing; and 
conjunctival erythema. The following have also been reported 
after the use of topical corticosteroids: Secondary ocular 
infection from pathogens liberated from ocular tissues and, 
rarely, perforation of the globe when used in conditions where 
there is thinning of the cornea or sclera. 
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THERE ARE OVER 
2,000,000 
REASONS 
TO PRESCRIBE 
FML FORTE 


af 


® 
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x NG HA Zs _, There are an estimated 2,000,000 undiagnosed glaucoma cases in the 
- population at large which, when treated with a steroid for ocular 
j; inflammation, may be at risk of IOP increase. 
Because of the potential of steroids to raise intraocular pressure rapidly, 
™ choose the steroid that takes a significantly longer average time to produce 
a rise in IOP than dexamethasone 0.1%. 
Fluorometholone 0.25% has been proven just as effective as prednisolone acetate 1.0% 


in controlling mild to moderate inflammation. 
“= = So for effective ocular inflammation therapy, or e 
prescribe PM angen ot (fluorometholone) 0.25% 


For more than just a few goad reasons. Liquifilm® sterile ophthalmic suspension 


Corticosteroids are capable of producing a rise in IOP. In clinical studies of documented steroid responders, fluorometholone demonstrated a Significantly 
longer average time to produce a rise in IOP than dexamethasone phosphate; however, in a small percentage of individuals, a significant rise in | 
occurred within one week. The ultimate magnitude of the rise was equivalent for both drugs. Please-see adjacent page for brief prescribing information. 


1. Data on file, Allergan, Inc. 


Æ ALLERGAN PHARMACEUTICALS Allergan Pharmaceuticals, A Division of Allergan, Inc., Irvine, CA 92713 
g ©1991 Allergan, Inc. 
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The Use of the 193-nm Excimer Laser for Myopic 
Photorefractive Keratectomy in Sighted Eyes: 
; A Multicenter Study 
f N. A. Sher, V. Chen, R. A. Bowers, J. M. Frantz, D. C. Brown, 
i R. Eiferman, S. S. Lane, P. Parker, C. Ostrov, D. Doughman, 
E. Carpel, R. Zabel, T. Gothard, R. L. Lindstrom 


Surface Ultrastructure After Excimer Laser Ablation: Expanding vs 
Contracting Apertures 
A. Sinbawy, P. J. McDonnell, H. Moreira 





Gyrate Atrophy of the Choroid and Retina: Long-term Reduction of 
Ornithine Slows Retinal Degeneration 
M. I. Kaiser-Kupfer, R. C. Caruso, D. Valle 





Progressive Enlargement of Laser Scars Following Grid Laser 
Photocoagulation for Diffuse Diabetic Macular Edema 
H. Schatz, D. Madeira, H. R. McDonald, R. N. Johnson 





Familial Aggressive Nevi of the Iris in Childhood 
D. Paridaens, C. J. Lyons, A. McCartney, J. L. Hungerford 


Holmium-YAG Laser Surgery on Experimental Vitreous Membranes iat a 
S. Borirakchanyavat, C. A. Puliafito, G. H. Kliman, T. I. Margolis, E. L. Galler 
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The eyes 
can be 
windows 
to alot 


more than 


the soul. 


Some of the most poetic 
passages throughout history 
have been written about 
the eyes. 

But this isn’t one of them. 


Ocular beta blockers can 
affect more than the eyes. 


Unfortunate, but true. 
Minutes after a single dose of 
an ocular beta blocker, the 
drug is detectable in the 
plasma of most individuals.' 

That's important when you 
consider that most glaucoma 
patients are elderly. With age 
comes a normal decline in 
physiologic function and 
increased susceptibility to 
systemic disease? And 
concomitant systemic 
medication increases the 
likelihood of adverse drug 
reactions.” 
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With BETOPTIC®S (betaxol 
HCl) you can expect long- 
term maintenance of IOP 
reduction.’ A superior pulmo 
nary safety profile.? Minimal 
cardiovascular effects.° And i 
very low incidence of reporte 
systemic side effects, includ- 
ing CNS effects.* 

Doesn't it make sense to 
consider BETOPTICS when 
treating the elderly glaucome 
patient? 





BETOPTIC” S Sterile Ophthalmic Suspension has 
produced minimal effects in patients with reactive airway 
disease; exercise caution in Baie patents with 


excessive restriction of pulmonary 

attacks and pulmonary distress have 
during betaxolol treatment. Althoug' 
some such patients with ophthalmic 


nction. Asthmatic 
been reported 

h rechallerges of 
betaxolol have not 


adversely affected pulmonary function test results, the 
possibility of adverse pulmonary effects in patients 
sensitive to beta blockers cannot be ruled out. 


Contraindicated in patients with s 


inus bradycardia, 


greater than a first-degree atrioventricular block, 
cardiogenic shock, overt cardiac failure or 


hypersensitivity to any component o 


f this product. Use 


caution in treating patients with a history of cardiac 


failure or heart block. 

Observe patients receiving an ora 
BETOPTIC S Suspension for potential 
known systemic effects of beta block 
tion in patients receiving catecholam: 
such as repine and adrenergic psy 

BETOPTIC S Suspension has been 


beta blocker and 
additive effect on 
‘ade. Exercise cau- 
ine-depleting drugs 
chotropic drugs. 
well tolerated in a 


majority of patients. Discomfort of short duration upon 
instillation may be experienced. Systemic reactions have 


een reported rarely and a complete 
the prescribing information. 





isting appears in 
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Schoene RB, et al. Effects of topical betaxolol, 
timolol and placebo on pulmonary function in 
asthmatic bronchitis. Am / Ophthalmol. 
1984;97:86-92. 

Atkins JM, et al. Cardiovascular effects of topical 
beta blockers during exercise. Am J Ophthalmol. 
1985;99: 173-175. 

“Beta-1 selectivity is not absolute. 











Betoptic S 


Sterile Ophthalmic 
OL HUI) 


AAA 
As 
a | 
+ 
e Suspension, 0.25% 


S is for Strength of 
Suspension Technology 


petaxol 


Please see brief summary of prescribing information adjacent to this advertisement. 
©1990 Alcon Laboratories, Inc. 
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BETOPTIC® S (betaxoio! HCI) 0.25% as base Sterile Ophthalmic Suspension 


DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochloride, a 
cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angle 
glaucoma and ocular hypertension. It may be used alone or in combination with otner intraocular 
pressure lowering medications. 

CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 
same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 
BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 
failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at the first signs of cardiac failure. 

PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 
consistent with certain myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 
Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 
agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 
rechallenges of some such patients with ophthalmic betaxolol has not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 
orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 
effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 
observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent; therefore, 
caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: In 
patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
constriction of the pupil with a miotic agent. Betaxolol has little or no effect on the pupil. When 
BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
Impairment of Fertility: Lifetime studies with betaxolol HCI have been completed in mice at oral 
doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HC! demonstrated no 
carcinogenic effect. Higher dose levels were not tested. In a variety of in vitro and in vivo bacterial and 
mammalian cell assays, betaxolol HC! was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 
administered betaxolol HCI in rats and rabbits. There was evidence of drug related postimplantation 
loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolol HC! was 
not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 
subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women, 
BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether betaxolol HCI is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have net been established. 

ADVERSE REACTIONS: Ocular: In clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 
foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
with other formulations of betaxolol include allergic reactions, decreased corneal sensitivity, edema 
and anisocoria. Systemic: Systemic reactions following administration of BETOPTIC S Ophthalmic 
Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 
Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 
characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
failure. Central Nervous System: insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 

OVERDOSAGE: No information is available on overdosage of humans. The oral LDSO of the drug 
ranged from 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be 
expected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent 
are bradycardia, hypotension and acute cardiac failure. A topical overdose of BETOPTIC S Ophthalmic 
Suspension 0.25% may be flushed from the eye(s) with warm tap water. 

CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 

U.S. Patent Nos. 4,252,984; 4,311,708; 4,342,783;4,911,920. 
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WITH 
BIOMATRIX 


(HYDROXYAPATITE) 


OCULAR IMPLANT™ 





e Truly Stable ° 








e Becomes a Living Part of the Orbit ° 


The Achievment... 

sets a new standard for both 
motility and stability in ocular 
implants. No other implant even 
comes close. Your patients will 
be impressed by the subtle, 
natural darting movements now 
possible for their artificial eye. 
You will be impressed by the 
long term performance of the 
only implant design that resists 
the problem of extrusion and 
migration common to all other 
implant designs. 


The Material... 


- porous hydroxyapatite - is the 
same material as the mineral 
portion of human bone. Its well 
proven biocompatibility prevents 
pseudocapsule formation and 
allows an unprecedented degree 
of fibro-vascular ingrowth into 
the implant. Once invested with 
the body’s own living tissue, the 
BIOMATRIX OCULAR IM- 
PLANT™ becomes a truly 
integrated implant. 


For More Information Call TOLL FREE or Contact: 


Integrated Orbital Implants, Inc. 


The Structure... 

mimics the unique 
microarchitecture of human 
cancellous bone. Each pore 
interconnects with every other 
pore. This unique structure is 
what make the BIOMATRIX 
OCULAR IMPLANT™ the most 
stable, truly integrated ocular 
implant ever designed. 


12526 High Bluff Drive, Suite 300-115, San Diego, CA 92130 / 1-800-424-6537 ext 115 or (619) 792-3565 ext 115 / FAX (619) 755-8348 


2. VIEW UP TO AND BEYOND THE EQUATOR 
INSTANT ON AND INSTANT OFF... 


New Volk TransEquator NF (No Fluid) Lens 


Achieve high mag, superfield (super clear!) fundus viewing, without the use of solution! This 
is breakthrough technology, using an aspheric surface contour for a unique corneal fit 


eliminating both the need for fluid as well as typical lens suction which frequently makes lens 
removal difficult and time consuming. 


And for easy disc, cup and rim measurement or lesion growth documentation, our high 
quality Volk Retinal Scale (optional) is the answer. 


So if you’d like FOUR lenses in one, a disc and cup measurement lens, a lesion measuring 
lens, the most advanced super-field pan retinal lens, a lens that requires no fluid, which goes 


on and comes off instantly, you’ll see a world of difference with the new Volk TransEquator NF 
(No Fluid) Lens! 


i 
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Remove the Volk Retinal 


With the Volk Retinal Scale 
Scale for pan retinal viewing. 


No solution is needed when Because there is no suction 
Disc/Cup measurement is easy. 


“applying the lens. the lens is removed instantly. 


Nl D IK The Leader in Aspheric Optics 7893 Enterprise Drive, Mentor, Ohio 44060 U.S.A. 


Phone: (216) 942-6161 800-345-VOLK Fax: (216) 942-2257 
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Investing in the future of ophthalmology through 


continuing research and education 


The responsibility of leadership... 
One of the most important traits of 
true leadership is the ability to recog- 
nize the value of long-term thinking 
as well as the need to reinvest today’s 
resources in tomorrow’s growth. At 
Storz Ophthalmics, Inc, our philos- 
ophy has always been to generate 
new ideas and technologies. With a 
heritage of quality and innovation 
spanning over 100 years, we feel a 
professional obligation to assume 
the responsibilities of leadership 
that will carry ophthalmology into 
the 21st century. 


...and a leader’s response 

Storz Ophthalmics, Inc, has created 
the Storz Premiere Foundation to 
help ensure the continued develop- 
ment of new ophthalmic techniques 
and technologies. With an advisory 
board that includes some of the most 
prominent leaders in ophthalmology 
today, the Storz Premiere Founda- 
tion is committed to providing stu- 
dents and practicing physicians with. 
resources ranging from grants to 
surgical workshops. It is our goal to 
advance ophthalmology and help 
lead the way to a stronger tomorrow. 


™ 


STORZOPHTHALMICS, INC. 
3365 Tree Court Industrial Blvd. 


© 1991 STORZ 


St. Louis, MO 63122 


SPA-4129 


‘SEE US AT AAO BOOTH #210.” 


American Medical Association 


Physicians dedicated to the health of America 


The ARCHIVES OF OPHTHAL- 
MOLOGY is a member of the 
consortium of AMA journals 
listed below. The ARcHives 
reaches more than 20900 read- 
ers in 85 countries each 
month. The complete text of 
all AMA journals is available on 
the MEDIS database from 
Mead Data Central, Dayton, 
Ohio. 





The Journal of the American 
Medical Association (JAMA) 


American Journal of 
Diseases of Children (AJDC) 


Archives of Dermatology 
Archives of General Psychiatry 
Archives of Internal Medicine 
Archives of Neurology 
Archives of Ophthalmology 


Archives of Otolaryngology — 
Head & Neck Surgery 


Archives of Pathology 
& Laboratory Medicine 


Archives of Surgery 


James S. Todd, MD, Executive Vice President 
Kenneth E. Monroe, Deputy Executive Vice 
President 
Larry E. Joyce, Senior Vice President 

D. Lundberg, MD, Editor-in-Chief, 
Scientific Publications 
Michael D. Springer, Associate Publisher 
Robert L. Kennett, Vice President, Publishing 
Nawin Gupta, PhD, Director, 
Publishing Operations Division 


Advertising Principles: Each advertisement in 
this issue has been reviewed and complies 
with the principles governing advertising in 
AMA scientific publications. A copy of these 
principles is available on request. The appear- 
ance of advertising in AMA publications is not 
an AMA guarantee or endorsement of the 
productor the claims made for the product by 
the manufacturer. 


ADVERTISING OFFICES: Sales Manager: John 
P. Cahill, East: John L. Reeves, 600 Third Av- 
enue, Suite 3700, New York, NY 10016 (212) 
867-6640, Midwest/Far West: Daniel T. Mjol- 
sness, 515 North State Street, Chicago, IL 
60610 (312) 464-2475 


Please address communications concerning 
accepted or published communications to 
AMA Specialty Journals, 515 N State St, Chi- 
cago, IL 60610. 


All articles published, including editorials, let- 
ters, and book reviews, represent the opinions 
of the authors and do not reflect the official 
policy of the American Medical Association, 
the Editorial Board, or the institution with 
which the author is affiliated, unless this is 


clearly specified. 
(AMP) 


Arch Ophthalmol— Vol 109, November 1991 











? 


PCG TT a 
ys 
Secondary Glaucoma and Uveitis Associated With Orcolon 1496 


Marc J. Siegel, MD; Henry J. Spiro, MD; Joel A. Miller, MD; 
Les I. Siegel, MD, Southfield, Mich 


In Reply 1497 
Gregg Whitaker, Azusa, Calif 

Fy Cnn r a S 
Magnetic Resonance Imaging of 1498 


Eyelid Springs and Gold Weights 
MAJ Thomas A. Gardner, MC, USA, MAJ Kevin M. Rak, MC, USA, Aurora, Colo 


CASE REPORTS 


Endophthalmitis Associated With Sutureless Cataract Surgery 1499 
Thomas P. Hessburg, MD; Donald P. Maxwell, MD; 
James G. Diamond, MD, New Orleans, La 


Horner’s Syndrome Secondary to Spontaneous Carotid 1499 


Dissection With Normal Angiographic Findings 
Robert E. Foster, MD; Gregory S. Kosmorsky, DO; 
Patrick J. Sweeney, MD; Thomas J. Masaryk, MD, Cleveland, Ohio 





Macular Hole Formation Following Laser Photocoagulation of 1500 
Choroidal Neovascular Membranes in a Patient 


With Presumed Ocular Histoplasmosis 
Jennifer |. Lim, MD; Andrew P. Schachat, MD, Baltimore, Md; 
Brian Conway, MD, Charlottesville, Va 





Primary Aspergillosis of the Orbital Apex 1502 
Michael L. Slavin, MD, New Hyde Park, NY 





Eyelid Pain After Magnetic Resonance Imaging—Induced 1503 
Palpebral Spring Vibration 
Todd L. Beyer, DO, Sushant Sinha, DO, Tallmadge, Ohio 








IN FOCUS 

Behavior Offset Is Rejected by Organized Medicine 1507 
BOOK REVIEWS 

Antiviral Agents and Viral Diseases of Man 1508 


(Galasso, Whitley, and Merigan) 
Reviewed by Michael B. Raizman, MD, Boston, Mass 





Current Neuro-Ophthalmology 1508 
(Lessell and van Dalen, eds) 
Reviewed by Karl C. Golnik, MD, Neil R. Miller, MD, Baltimore, Md 





Ocular Toxicology 1509 
(Lerman and Tripathi, eds) 
Reviewed by Joel S. Schuman, MD, Boston, Mass 





Myopia Surgery: Anterior and Posterior Segment 1509 
(Thompson, ed) Reviewed by Thomas G. Chu, MD, PhD, Los Angeles, Calif 


QUESTIONS AND ANSWERS 


Is the Phacoemulsification Learning Curve Too Steep? 1510 
Randall J. Olson, MD, Salt Lake City, Utah 








Botulinum Toxin Type A Injection in the 1510 
Treatment of Strabismus 
Alan B. Scott, MD, San Francisco, Calif 


EDITORIAL 


Is the Ophthalmologist as a Clinician-Scientist Still Viable? 1523 
David L. Epstein, MD, Boston, Mass 





Continued on page 1481. 


1479 


our choice for 25 years 
d 20 million procedures 
` ..Miiochol ! 


For 25 years, in over 

20 million procedures, 

the choice of ophthalmic 

surgeons has been MIOCHOL. 
Rapf, safe, immediately 

reversible miosis is the reason why. 


MIMMHOL is your natural choice for 
small incision surgery. Rapid miosis allows 
a prompt visual check of lens centration. 


MIMIMHOL meets the most stringent Johnson 
and Johnson standards for quality. Every vial is 
inspected to insure safety and performance. 


ker safe, rapid, reliable miosis, 
the natural choice is 


Miochol 


(acetylcholine chloride) Intraocular 
Ampt no substitutes. 


Indications and Usage: T 
Contraindications: w aind e use 
4 j. Open u y. Precautions: General: In tt 


JOL, obstructions t ` as anterior or posterior Sy A ay require surgery ft e ® 

t d Adverse Reactions: Infrequent cases of corneal edema, corneal clouding, and cornea 

weating. Caution: Fede: wp ts dispensing w ite How Supplied: t nivia b-2 45 JP-42 EHARMACEETICAUS 
1 714/624-2 a Gofmron«fohmron company 





a 


PUBLICATION STAFF 
Offices: 515 N State St 
Chicago, IL 60610 


Editorial Processing 
Director: Cheryl Iverson 
Assistant Director: Paula Glitman 
Manager: Daniel Knight 
Free-lance Coordinator: Vickey Golden 
Senior Copy Editor/Atex Specialist: Paul Frank 
Copy Editors: 

Laura Bleiler 

Beena Rao 

Janice Snider 
Manuscript Records Clerk: Tonja Glover 


Production Department 
Director: Bernard Schlameuss 
Staff Assistants: 

Bonnie Van Cleven 

Diane Darnell 

Karen Branham 
Manager, Color Illustrations: Thomas J. Handrigan 
Supervisor, Production: Susan Price 
Senior Production Assistants: 

Anita Henderson 

Christine Metzler 

Debbie Pogorzelski 
Supervisor, Proofreading: Barbara Clark 
Proofreaders: 

Gwen Gilberg 

Margaret Johnson 


Teresa H. Omiotek 
Jennifer Reiling 


Secretary: Sandra Sanders 


Electronic Production Department 
Director: Mary C. Steermann 
Electronic Coordinator: Mary Ellen Johnston 
Supervisor, Electronic Production: Jaye Dickson 
Production Associate: Melinda Lerner 
Electronic Production Operators: 

Brenda Chandler 

Debra Lucas 
Supervisor, Art and Layout: JoAnne Weiskopf 
Electronic Art and Layout: 

Leslie Koch 

Julianna K. Mills 

Linda Schmitt 


Circulation Department 
Director: Beverly Martin 
Reprints and Permissions: Rita Houston 


Fulfillment Department 
Director: Raymond Healy 


Advertising Services Department 
Director: Ray Christian 


Associate Publisher Staff 

Marketing Services Manager: Geoffrey Flick 
Associate Editor: Julie Foreman 
Administrative Assistant: Tara W. Matthews 


Director: Norman Frankel 
Staff: 
George Kruto 
Susan McClelland 
Mary Kay Tinerella 


Arch Ophthalmol—Vol 109, November 1991 


ARCHIVES 


CLINICAL SCIENCES 


The Use of the 193-nm Excimer Laser for Myopic 
Photorefractive Keratectomy in Sighted Eyes: 

A Multicenter Study 

Neal A. Sher, MD; Varda Chen, MD; 

Richard A. Bowers, MD, Minneapolis, Minn; 

Jonathan M. Frantz, MD, David C. Brown, MD, Fort Myers, Fla; 
Richard Eiferman, MD, Louisville, Ky; Steven S. Lane, MD; 

Paula Parker, COMT; Charles Ostrov, MD; Donald Doughman, MD; 
Emmett Carpel, MD; Ralph Zabel, MD; Todd Gothard, MD; 

Richard L. Lindstrom, MD, Minneapolis, Minn 


Surface Ultrastructure After Excimer Laser Ablation: 
Expanding vs Contracting Apertures 

Abdelhamid Sinbawy, MD; Peter J. McDonnell, MD; 
Hamilton Moreira, MD, Los Angeles, Calif 


Energy Levels and Probe Placement in Contact Transscleral 
Semiconductor Diode Laser Cyclophotocoagulation 

in Human Cadaver Eyes 

Joel S. Schuman, MD; Robert J. Noecker, MD; 

Carmen A. Puliafito, MD; John J. Jacobson, MD; 

Gerald J. Shepps, MD; Nan Wang, MD, Boston, Mass 


Gyrate Atrophy of the Choroid and Retina: Long-term 
Reduction of Ornithine Slows Retinal Degeneration 
Muriel |. Kaiser-Kupfer, MD, Rafael C. Caruso, MD, Bethesda, Md; 
David Valle, MD, Baltimore, Md 


Progressive Enlargement of Laser Scars Following Grid Laser 
Photocoagulation for Diffuse Diabetic Macular Edema 
Howard Schatz, MD; Daniel Madeira, MD; H. Richard McDonald, MD; 
Robert N. Johnson, MD, San Francisco, Calif 


Familial Aggressive Nevi of the Iris in Childhood 
Dion Paridaens, MD; Christopher J. Lyons, FRCS; 

Alison McCartney, MRCPath, FCOphth; 

John L. Hungerford, FRCS, London, England 





Eyelid Movements in Facial Paralysis 
Patrick A. Sibony, MD; Craig Evinger, PhD; 
Karen A. Manning, PhD, Stony Brook, NY 





Infectious Endophthalmitis Following 


Sutureless Cataract Surgery 
Karl G. Stonecipher, MD; Vernon C. Parmley, MD; Harold Jensen, PhD; 
J. James Rowsey, MD, Oklahoma City, Okla 


PhXA34, a New Potent Ocular Hypotensive Drug: 

A Study on Dose-Response Relationship and 

on Aqueous Humor Dynamics in Healthy Volunteers 
Albert Alm, MD, Jörgen Villumsen, MD, Umea, Sweden 


Effect of Bunazosin Hydrochloride on Intraocular Pressure and 


Aqueous Humor Dynamics in Normotensive Human Eyes 
Tetsuro Oshika, MD; Makoto Araie, MD; Tetsuya Sugiyama, MD; 
Masayuki Nakajima, MD; Ikuo Azuma, MD, Tokyo, Japan 


Massive Suprachoroidal Hemorrhage With Central Retinal 
Apposition: A Clinical and Echographic Study 

Thomas G. Chu, MD, PhD; Miriam R. Cano, MD; Ronald L. Green, MD; 
Peter E. Liggett, MD; John S. Lean, MD, Los Angeles, Calif 


Continued on page 1483. 





1481 


St ann a eae ba dL Ea ih aa ceil ie a PO Ee Ee ea ee ae ey eae 





E wWIwLAW SEL 
foscarnet sodium /Astra 





From ANTRA 


Astra Pharmaceuti 
a Westborough, MA DSB 4500" 
i ca rey right © 1991 by Astra Pharmaceutical Products, Inc. 








To receive the best 
response from your 
recruitment ad, look to 
“Classified Advertising” 
in AMA publications. 


AMA Specialty Journals are 
unmatched in providing a 
targeted readership. So, all nine 
journals — The Archives and 
AJDC, do exactly what you 
want. Each one puts your 
recruitment message in the 
hands of qualified doctors in 
the specialty you are trying 

to reach. 


The affordable and very efficient 
“Classified Advertising’ section 
in each journal offers a highly 
visible concentration of wide- 
ranging physician opportunities 
within each specialty. 

Take your choice, but make that 
choice an AMA specialty journal 
for physician recruiting. For 
complete advertising 
information, please call or write: 





AMA SPECIALTY JOURNALS 
The Media of Choice 


American Journal of Archives of Pathology 
Diseases of Children  & Laboratory Medicine 


Archives of Dermatology Archives of Internal Medicine 
Archives of General Psychiatry Archives of Neurology 


Archives of Otolaryngology Archives of Ophthalmology 
-Head & Neck Surgery Archives of Surgery 





CLINICOPATHOLOGIC REPORTS 


Sinus Histiocytosis Involving the Lacrimal Sac and Duct: 
A Clinicopathologic Case Report 

Peter J. Dolman, MD, Gerald J. Harris, MD, Milwaukee, Wis; 
Louis H. Weiland, MD, Scottsdale, Ariz 


Eosinophil and Neutrophil Degranulation in Ophthalmic 

Lesions of Wegener’s Granulomatosis 

Stefan D. Trocme, MD; George B. Bartley, MD; R. Jean Campbell, MB, ChB; 
Gerald J. Gleich, MD; Kristin M. Leiferman, MD, Rochester, Minn 


Early Lesions of Bilateral Diffuse Melanocytic Proliferation 
Anita M. Leys, MD; Hans G. Dierick, MD; 
Raf M. Sciot, MD, PhD, Leuven, Belgium 


LABORATORY SCIENCES 


Influence of Corticosteroid on Experimentally Induced 
Keratomycosis 

Denis M. O'Day, MD; Wayne A. Ray, PhD; W. Steven Head; 
Richard D. Robinson; Trilby E. Williams, Nashville, Tenn 


Holmium-YAG Laser Surgery 

on Experimental Vitreous Membranes 
Sidhiporn Borirakchanyavat; Carmen A. Puliafito, MD; 
Gilbert H. Kliman, MD; Thomas |. Margolis, MD; 

Ezra L. Galler, MD, Boston, Mass 


Palladium 103 Ophthalmic Plaque Radiotherapy 
Paul T. Finger, MD, New York, NY; 

Darius M. Moshfeghi, New Orleans, La; 

Tony K. Ho, MS, New York, NY 


PHOTO ESSAY 


Conjunctival Prolapse 
Mark R. Levine, MD, Gila Buckman, MD, Cleveland, Ohio 


SURGICAL TECHNIQUE 


An Alternative Technique of Local Anesthesia 

for Vitreoretinal Surgery 

Mark A. Friedberg, MD; Frank A. Spellman, MD; A. Raymond Pilkerton, MD; 
L. Edward Perraut, Jr, MD; Robert F. Stephens, MD, Washington, DC 


CORRECTION 


Ocular Effects of the Endothelins: Abundant Peptides in the 
Eye 

Matthew W. MacCumber, MD, PhD; Henry D. Jampel, MD; 

Solomon H. Snyder, MD, Baltimore, Md 


REGULAR DEPARTMENTS 


News and Comment 


Obituaries 





























From the Archives of the Archives 





Continuing Medical Education 

Index to Advertisers 

Classified Advertising 

Instructions for Authors—See July 1991 issue, p 907. 


Copies of the Instructions are available on request to the Editor. 





Arch Ophthalmol—Vol 109, November 1991 





1582 


1585 


1590 


1601 


1605 


1610 


1614 


1615 


1548 


1511 
1512 
1538 
1617 
1474 
1623 


1483 


= ALLERGAN PHARMACEUTICALS 
Allergan Pharmaceuticals, A Division of Allergan, Inc., Irvine, CA92713 © 1991 Allergan, Inc. 


Help maintaethe ~ > 
delicate balincesof nature ` 


‘Nature provides the perfect tear film — one that has yet to be duplicated — as your patients’ best defense against dry eye 
symptoms. But when the natural tear film is compromised, there’s new Cellufresh Solution. Cellufresh Solution contains 
the polymer carboxymethylcellulose, which has the strongest mucoadhesive force of some polymers commonly used in 


artificial tear preparations} (in vitro tensiometric model — clinical significance is unknown).' It also provides essential 


STAGE 2 
IN THE SYSTEM FOR OCULAR SURFACE DISEASE 
A Rational Plan To Manage Dry Eye Associated With Ocular Surface Disease 


+Other polymers tested included methylcellulose, gelatin, polyvinylpyrrolidone (povidone), polyethylene glycol, polyvinyl alcohol and hydroxypropyicellulose. 
1 Hunt G, Kearney P, Kellaway IW: Mucoadhesive polymers in drug delivery systems, in Johnson P, Lloyd-Jones JG (eds): Drug Delivery Systems, Fundamentals and Techniques. Chichester, 
England, Ellis Horwood, Ltd, 1987, 180-199. 





ions in an electrolyte-rich formulation that helps maintain a healthy ocular environment for your patients. Cellufresh 


Solution is non-blurring and, because it is preservative-free, there is no risk of preservative-induced adverse reactior 
The convenient, single-use ampules are also ideal for today’s active, on-the-go lifestyles. 


Cellufresh Solution. Recommended For Mild To Moderate Dry 


© ellutresh 


(carboxymethylcellulose sodium) 0.5% Lubricant Ophthalmic Solution 








wtf 


danced surgical 





mand advanced 


Occucoat” ophthalmic surgical aid has been shown to phaco and an enhanced ease of postoperative removal, 
protect cells as well as viscoelastics like sodium hyaluronate To use Occucoat with maximum effectiveness, surgeons 
(NaHA) and NaHA-chondroitin sulfate combinations.! may have to consider a few new techniques. These maneuvers an 
Before using Occucoat, surgeons must realize it has not difficult, as can be seen by the accompanying illustrations, 


ka 
> 


_ different properties from other viscoelastics. Less viscous than Moreover, the short time required to learn these techniques will 


p 


NaHA, Occucoat has significantly greater adhesive/coating be a valuable investment for any cataract surgeon—because 
properties. In operative techniques like small incision surgery  Occucoat is priced dramatically less than all other viscoagents. 
these characteristics may contribute distinct advantages, And given today’s need for economy and performance—that 
including the ability to remain within the chamber during makes Occucoat truly an advanced surgical tool. 


Reference: 1, Lane SS, Naylor DW, Kullerstrand LJ, et al. Prospective comparison of the effects of Occucoat, Viseoat, and Healon on intraocular pressure and endothelial cell loss. J Cataract Refract Surg. January 1991; 17: 11-26, 


Pere, Yee! SA ha vy} de a Bees 
OPE EEEN EA i 







procedures 
surgical to0 


VISCOADHERENT ” 


OCCUCOAT’? 


(24% HYDROXYPROPYLMETHYLCELLULOSE) 


TODAY'S CHOICE FOR 
i CATARACT SURGERY 


STORZ OPHTHALMICS, INC. 
St. Louis, MO 63122 





1488 














U.S. Postal Service 


STATEMENT OF OWNERSHIP, MANAGEMENT AND CIRCULATION 
Required by 39 U.S.C. 3685) 
















1A. Title of Publication 


1B. PUBLICATION NO. 2. Date of Filing 






Archives of Ophthalmology 


3. Frequency of Issue 


Monthly 


4. Complete Mailing Address of Known Office of Publication (Street, City, County, 










A. No. of Issues Published 
Annually 


12 


State and ZIP +4 Code) (Not printers) 


515 N. State Street, Chicago, Cook, Illinois 60610 


5. Complete Mailing Address of the Headquarters of General Business Offices of the Publisher (Not printer) 


515 N. State Street, Chicago, Cook, Illinois 60610 


6. Full Names and Complete Mailing Address of Publisher, Editor, and Managing Editor (This item MUST NOT be blank) 
Publisher (Name and Complete Mailing Address) 

















$65.00 














American Medical Association, 515 N. State Street, Chicago, Illinois 60610 


Editor (Name and Complete Mailing Address) 


Morton F. Goldberg, M.D., 515 N. State Street, Chicago, Illinois 60610 


Managing Editor (Name and Complete Mailing Address) 


Michael D. Springer, 515 N. State Street, Chicago, Illinois 60610 


7. Owner (If owned by a corporation, its name and address must be stated and also immediately thereunder the names and addresses of stockholders owning or holding 
l percent or more of total amount of stock. If not owned by a corporation, the names and addresses of the individual owners must be given df owned by a partnership 
or other unincorporated firm, its name and address, as well as that of each individual must be given. If the publication is published by a nofprofit organization, its 
name and address must be stated.) (tem must be completed ) 














H Full Name Complete Malling Address 


American Medical Association 515 N. State Street, Chicago, 60610 




















8 Known Bondholders. Mortgagees, and Other Security Holders Owning or Holding 1 Percent or More of Total Amount of Bonds, Mortgages or Other 
Securities (f there are none. so state) 





Full Name | Complete Mailing Address 




















9. For Completion by Nonprofit Organizations Authorized To Mail at Special Rates (DMM Section 423.12 only) 
The purpose, function, and nonprofit status of this organization and the exempt status for Federal income tax purposes (Check one) 














(1) (2) 
Has Not Changed During Has Changed During (If changed, publisher must submit explanation of 
Preceding 12 Months Preceding 12 Months change with this statement.) 
19 Extent and Nature of Circulation Average No. Copies Each Issue During | Actual No. Copies of Single Issue 
See instrucnons on reverse videh Preceding 12,Months Published Nearest to Filing Date 
ae 10790= a7 ¢ 
A Total No Copies (Net Press Runi 
| eres [09/91 22,855 
B Paid and/or Requested Circulation 
1. Sales through dealers and carriers, street vendors and counter sales al 040 
See — de we hs 
2. Mail Subscription 
(Paid andor requested) 20 135 





C. Total Paid and or Requested Circulation 
Sum or TOBI and 10B2) 











| ere haa i 
D Free Distribution by Mail, Carrier or Other Means 
L Samples, Complimentary, and Other Free Copias == 
E. Total Distribution (Sum of C and DI 
21,175 








F. Copies Not Distributed 
1. Office use, left over, unaccounted, spoiled after printing 1 680 












_—— 





2. Return from News Agents 









me 
| certify that the statements made by 


me above are correct and complete 






P8 Form 3626, Feb. 1989 (See instructions on reverse) 


e first fluoroquinolone for DOIN bacterial CONJUNCTIVITIS and Corneal uicer 


l ° 4 2 ™ 


i 


(ciprofloxacin HCl) 0.3% as Base 
Sterile Ophthalmic Solution 


Rapid killing action for 
important ocular pathogens 








\ 
\ \ 
RON 








Cliexan 


(ciprofloxacin HCl) 0.3% as Base 
Sterile Ophthalmic Solution 


Rapid killing action for 
important ocular pathogens 


ES PEED 


Rapid resolution of ocular infections 


Gren 


The power to treat both routine and tough ocular infections 


PECTRUM 


A broad spectrum of activity against important ocular pathogens 










THE FIRST OF A STRONG NEW CLASS 


Powerful enough to achieve 
impressive results for bacterial 
conjunctivitis after only 7 days 


Frequently Isolated Causative Patients with 
CILOXAN is microbiologically Organisms Complete 


and clinically effective in Eradication 
lessening the intensity and- Staphylococcus aureus 78% 
shortening the duration of Staphylococcus epidermidis 76% 
bacterial conjunctivitis. Streptococcus pneumoniae 75% 


After only 3 days of therapy, 
63% of corneal ulcers were 


completely re-epithelialized 


Percent of corneal ulcers with complete re-epithelialization over time (n=148) 


wn 
ks 
Q 
2 
=] 
O 
3 


7 
Days of therapy 


THE POWER TO SUCCEED AS SINGLE-AGENT THERAPY 


Clinical success for corneal ulcer patients was achieved using CILOXAN as 
single-agent therapy, without any fortified, systemic, or subconjunctival 
injections or other topical therapy. In clinical trials, resolution of bacterial 
infection and complete corneal re-epithelialization were achieved in 92% of 
patients with single-agent CILOXAN therapy. 





THE FIRST OF A STRONG NEW CLASS 


Broad spectrum coverage 
and potent in vitro activity 


CILOXAN is effective against CILOXAN is active against these 
these important ocular pathogens organisms in vitro’: 
Clinically and in vitro: 


Important Ocular Pathogens MIC (g/mL) Important Ocular Pathogens MICø(ug/mL) 
Pseudomonas aeruginosa 0.72 Hemophilus influenzae 0.05 
Serratia marcescens 0.45 Acinetobacter calcoaceticus 0.54 
Staphylococcus aureus 0.70 Chlamydia trachomatis 1.00 
Staphylococcus epidermidis 0.40 Citrobacter species 0.22 
Streptococcus pneumoniae 2.60 Enterobacter species 0.27 
Streptococcus (Viridans Group) 1.60 Escherichia coli 0.12 
Klebsiella pneumoniae 0.85 
Mycobacterium tuberculosis 0.74 
Neisseria species 0.01 
Proteus species 0.05 


*The clinical significance of these in vitro data is unknown. 


CIPROFLOXACIN HAS EXHIBITED A 
LOW FREQUENCY OF RESISTANCE 


CILOXAN destroys bacteria differently through inhibition of the DNA gyrase. Only 
chromosomal mutation has been identified as a possible cause of bacterial resistance. 
CILOXAN does not cross-react with other types of antimicrobial agents such as beta-lactams 
or aminoglycosides, so organisms resistant to these drugs may be susceptible to CILOXAN. 


THE CILOXAN DIFFERENCE 


Spectrum, power, and speed are enhanced 
by a difference in chemical structure. 
CILOXAN is truly unique in its chemical 
structure. CILOXAN is the only fluoro- 
quinolone with a cyclopropyl! group which 
increases the overall potency of the drug. 


A 


Rapid killing action for 


Please see brief summary of j n 
prescribing information on pO! rtant ocular pathoge s 


the next page. 


Alcon 


(ciprofloxacin HCl) 0.3% as Base 
©1991 Alcon Laboratories, Inc. Sterile Ophthalmic Solution 





Cl 





bmn a 


iprofloxacin aH) 0.3% as Base 
Sterile Ophthalmic Solution 





DESCRIPTION: CILOXAN™ (Ciprofloxacin HCI) Ophthalmic Solution is 
asynthetic, sterile, multiple dose, antimicrobial for topical ophthalmic use. 


INDICATIONS AND USAGE: CILOXAN™ Ophthalmic Solution is indi- 
cated for the treatment of infections caused by susceptible strains of 
the designated microorganisms in the conditions listed below: 

Corneal Ulcers: Pseudomonas aeruginosa 

Serratia marcescens* 

Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus pneumoniae 

Streptococcus (Viridans Group)* 

Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus pneumoniae* 

*Efficacy for this organism was studied in fewer than 10 infections. 


CONTRAINDICATIONS: A history of hypersensitivity to ciprofloxacin or 
any other component of the medication is a contraindication to its use. 
A history of hypersensitivity to other quinolones may also contraindi- 
cate the use of ciprofloxacin. 


WARNINGS: NOT FOR INJECTION INTO THE EYE. 
Serious and occasionally fatal hypersensitivity (anaphylactic) reac- 
tions, some following the first dose, have been reported in patients 
receiving systemic quinolone therapy. Some reactions were accompa- 
nied by cardiovascular collapse, loss of consciousness, tingling, pha- 
ryngeal or facial edema, dyspnea, urticaria, and itching. 
Only a few patients had a history of hypersensitivity reac- 
tions. Serious anaphylactic reactions require immediate 
emergency treatment with epinephrine and other resus- 
citation measures, including oxygen, intravenous fluids, 
intravenous antihistamines, corticosteroids, pressor 
amines, and airway management, as Clinically indicated. 


PRECAUTIONS: 

General: As with other antibacterial preparations, pro- 
longed use of ciprofloxacin may result in overgrowth of 
nonsusceptible organisms, including fungi. If superinfec- 
tion occurs, appropriate therapy should be initiated. 
Whenever clinical judgment dictates, the patient should 
be examined with the aid of magnification, such as slit 
lamp biomicroscopy and, where appropriate, fluorescein 
staining. 

Ciprofloxacin should be discontinued at the first 
appearance of a skin rash or any other sign of hypersen- | Smt. 
sitivity reaction. 

In clinical studies of patients with bacterial corneal ulcer, a white 
crystalline precipitate located in the superficial portion of the corneal 
defect was observed in 35 (16.6%) of 210 patients. The onset of the pre- 
cipitate was within 24 hours to 7 days after starting therapy. In one 
patient, the precipitate was immediately irrigated out upon its appear- 
ance. In 17 patients, resolution of the precipitate was seen in 1 to 8 days 
(seven within the first 24-72 hours), in five patients, resolution was 
noted in 10-13 days. In nine patients, exact resolution days were unavail- 
able; however, at follow-up examinations; 18-44 days after onset of the 
event, complete resolution of the precipitate was noted. In three 
patients, outcome information was unavailable. The precipitate did not 
preclude continued use of ciprofloxacin, nor did it adversely affect the 
clinical course of the ulcer or visual outcome. (SEE ADVERSE 
REACTIONS). 


Drug Interactions: Specific drug interaction studies have not been 
conducted with ophthalmic ciprofloxacin. However, the systemic admin- 
istration of some quinolones has been shown to elevate plasma con- 
centrations of theophylline, interfere with the metabolism of caffeine, 
enhances the effects of the oral anticoagulant, warfarin, and its deriva- 
tives and has been associated with transient elevations in serum creati- 
nine in patients receiving cyclosporine concomitantly. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight in vitro 


mutagenicity tests have been conducted with ciprofloxacin and the test 
results are listed below: 


Conjunctivitis: 


Alcon 
OPHTHALMIC 


ALCON LABORATORIES, INC 
FORT WORTH, TEXAS 76134 


NDC 0065-0656:05 Alcon” 


Ciloxan’ 


(ciprofloxacin HCI 
03% as base 


Sterile 
| Ophthalmic Solution 





Salmonella/Microsome Test (Negative) 

E. coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 
Chinese Hamster V7 Cell HGPRT Test (Negative) 

Syrian Hamster Embryo Cell Transformation Assay (Negative) 
Saccharomyces cerevisiae Point Mutation Assay (Negative) 
Saccharomyces cerevisiae Mitotic Crossover and Gene 
Conversion Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 


Thus, two of the eight tests were positive, but the results of the following 
three in vivo test systems gave negative results: 


Rat Hepatocyte DNA Repair Assay 
Micronucleus Test (Mice) 
Dominant Lethal Test (Mice) 


Long term carcinogenicity studies in mice and rats have been com- 
pleted. After daily oral dosing for up to two years, there is no evidence 
that ciprofloxacin had any carcinogenic or tumorigenic effects in these 
species. 

Pregnancy-Pregnancy Category C: Reproduction studies have been 
performed in rats and mice at doses up to six times the usual daily 
human oral dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to ciprofloxacin. In rabbits, as with most antimicro- 
bial agents, ciprofloxacin (30 and 100 mg/kg orally) produced gastroin- 
testinal disturbances resulting in maternal weight loss and an increased 
incidence of abortion. No teratogenicity was observed at 
either dose. After intravenous administration, at doses up 
to 20 mg/kg, no maternal toxicity was produced and no 
embryotoxicity or teratogenicity was observed. There 
are no adequate and well controlled studies in pregnant 
women. CILOXAN™ Ophthalmic Solution should be 
used during pregnancy only if the potential benefit justi- 
fies the potential risk to the fetus. 


Nursing Mothers: It is not known whether topically 
applied ciprofloxacin is excreted in human milk; however, 
it is known that orally administered ciprofloxacin is 
excreted in the milk of lactating rats and oral ciprofloxacin 
has been reported in human breast milk after a single 
500 mg dose. Caution should be exercised when 
CILOXAN™ Ophthalmic Solution is administered to a 
nursing mother. 


Pediatric Use: Safety and effectiveness in children 

below the age of 12 have not been established. Although 

ciprofloxacin and other quinolones cause arthropathy in 
immature animals after oral administration, topical ocular administration 
of ciprofloxacin to immature animals did not cause any arthropathy and 
there is no evidence that the ophthalmic dosage form has any effect on 
the weight bearing joints. 


ADVERSE REACTIONS: 

The most frequently reported drug related adverse reaction was local 
burning or discomfort. In corneal ulcer studies with frequent administra- 
tion of the drug, white crystalline precipitates were seen in approxi- 
mately 17% of patients (SEE PRECAUTIONS). Other reactions 
occurring in less than 10% of patients included lid margin crusting, crys- 
tals/scales, foreign body sensation, oo conjunctival hyperemia and 
a bad taste following instillation. Additional events occurring in less than 
1% of patients included corneal staining, keratopathy/keratitis, allergic 
reactions, lid edema, tearing, photophobia, corneal infiltrates, nausea 
and decreased vision. 


OVERDOSAGE: A topical overdose of CILOXAN™ Ophthalmic Solu- 
tion may be flushed from the eye(s) with warm tap water. 


ANIMAL PHARMACOLOGY: Ciprofloxacin and related drugs have 
been shown to cause arthropathy in immature animals of most species 
tested following oral administration. However, a one-month topical ocu- 
lar study using immature Beagle dogs did not demonstrate any articular 
lesions. 


U.S. Patent No. 4,670,444 
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Labeling Drop Bottles to Avoid Medication Errors 


To the Editor.—An important part of the success of medical 
treatment depends on the patient’s insight to the disease 
process, compliance, and understanding of the type and dose 
of medication to be used. `” Medications can be prescribed, but 
not taken, and vice versa, or taken at incorrect frequency. 

We have noticed that patients, who are taking various eye 
drops as prescribed, err by applying the incorrect number of 
drops. Drop bottles frequently look alike, and even color- 
coded bottle caps can be placed on the incorrect bottle after 
use. 

We have found that using the following method to label 
drop bottles and medication containers improves the patient's 
understanding about the frequency of the dose to be taken. 
We use the brightly colored labels that are widely used to 
number patient files (Figure). Each stick-on label displays a 
number, which represents the number of drops to use each 
day. The number is large so that it is recognizable even to 
patients with poor eyesight. A change in dosage merely re- 
quires that a different number be placed over the previous 
one. Care should be taken to avoid obscuring important in- 
structions printed on the bottle label, and it may be neces- 
sary, in some cases, to trim the numerical label. 

In particular, elderly patients, and those receiving chronic 
and frequently changing medication regimens, seem to appre- 


Brightly colored numerical labels can be used to represent the number 
of drops to administer each day. 
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ciate this method of labeling, and it has helped them to take 
their medications as prescribed, thus improving their 
compliance. 
ERIK VAN RENS, MD 
Winston-Salem, NC 


1. Kass MA, Meltzer DW, Gordon M, Cooper D, Goldberg J. Compliance 
with topical pilocarpine treatment. Am J Ophthalmol. 1986;101:515-523. 

2. Schwartz D, Wang M, Zeitz L, Goss MEW. Medication errors made by 
elderly, chronically ill patients. Am J Public Health. 1962;52:2018-2029, 


Ocular Injuries Caused by Elastic Cords 


To the Editor.—We read with interest the article by Nichols 
et al' in the March 1991 issue of the ARCHIVES. They reported 
the injuries of five patients with ocular trauma due to elastic 
cords with attached metal hooks. Two of their patients suf- 
fered penetrating ocular injuries, and three had final visual 
acuities of 20/200 or less. 

We performed a similar retrospective review of ocular 
injuries due to elastic cords in patients who presented to 
either the Albany (NY) Medical Center Hospital or the prac- 
tice of G. Robert Hampton, MD, Syracuse, NY, from January 
1987 through December 1990. The findings in our larger 
series of 11 patients, with a longer follow-up period of up to 48 
months, are summarized in the Table. The median age of our 
patients was younger (26 years), and three women were 
among the injured. In addition to securing articles to the roof 
of an automobile, as described by Nichols et al, five of our 
patients were using the elastic cords to keep a suitcase or 
backpack closed, and two patients were using the cords to 
secure tent posts. 

In our series, the most common injury was hyphema, occur- 
ing in eight eyes, followed by retinodialysis or tear (six eyes), 
vitreous hemorrhage (four eyes), choroidal rupture (four 
eyes), iridodialysis or angle recession (four eyes), corneo- 
scleral laceration (three eyes), and dislocated lens (three 
eyes). Four patients required laser therapy for retinal tears 
and two required immediate surgical repair of a corneoscleral 
laceration. We were surprised to find that in spite of the 
magnitude and eclectic nature of the injuries sustained, pa- 
tients’ outcomes were good. Nine of our 11 patients had a final 
visual acuity of 20/30 or better, which is better overall than 
that reported by Nichols et al. Two of our more severely 
injured patients were wearing prescription eyeglasses; we 
agree with Nichols et al’ and Gray et al’ that these do not 
provide adequate protection. 

To determine the potential energy with which an elastic 
cord may strike the eye, three commercially available cords 
were stretched with different weights. Each cord was slightly 
different in weight, length, and force needed to stretch the 
cord. Using the conservation of energy and Hook’s laws, a 
maximum potential velocity of 74.3 m/s and a maximum trans- 
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Bungee Cord Injuries 


Clinical Examination Findings * 


Visual Acuity 


—_——_—_— 



































Patient No./ lridodialysis / 
Age, y/ Corneoscleral Vitreous Retinal Tear/ Choroidal Dislocated Angle ~ Follow-up, 
Sex Eye Hyphema _Laceration Hemorrhage Dialysis Rupture Lens/Cataract Recession Initial Final mo 
1/30/M R x x x x sA HM 20/20 48 
2/15/M R x x x mar Sst 20/200 20/20 27 
3/28/F R x x dia soaa x 20/200 20/20 26 
4/42/M § x x x aai TPE 20/30 20/20 12 
5/35/M L x Perey x 20/200 20/20 11 
6/26/F R x x PEAP 20/50 20/30 10 
7/20/M R 20/80 20/25 7 
8/21/M L x x 20/200 20/20 6 
9/17/M L % EPE TE 20/60 20/25 5 
10/23/M R x x x x x x HM LP 3 
11/40/M k LP LP 1 





* An “x” indicates the presence of the clinical finding; HM hand motions; and LP, light perception. 


mittable energy of 60.7 J were determined. The magnitude of 
energy transmitted to the eye is a function of the angle of 
trajectory, the size and weight of the end metal hook, and the 
distance that the cord is snapped. 

We agree that being aware that elastic cords may cause 
ocular injuries may lead to more careful use of them. Until a 
design change such as that suggested by Gray et al’ is imple- 
mented, we recommend the use of polycarbonate safety glass- 
es when securing elastic cords. Although in each of our cases 
the injured person was the one using the cord, onlookers 
should be kept away and forewarned. 

Davip Lirorr, MD 
ROBERT A, CATALANO, MD 
Albany, NY 


This study was supported in part by an unrestricted grant from Research to 
Prevent Blindness Inc, New York, NY. 

1. Nichols CJ, Boldt HC, Mieler WF, Han DP, Olsen K. Ocular injuries 
caused by elastic cords. Arch Ophthalmol. 1991;109:371-372. 

2. Gray RH, Menage MJ, Cook SD, Harcourt J. Eye injuries caused by 
elastic straps. BMJ. 1988;296:1097-1098. 


Manual Occluder for Use in Ophthalmic Education 


To the Editor.—To teach ocular fundus pathology and oph- 
thalmoscopy, several clinicians have constructed devices that 
house interchangeable photographic images of the fundus.” 
The images can be made erect or inverted. An “examiner” 
views the photographic image by looking through an aperture 
with a direct or indirect ophthalmoscope. This teaches actual 
fundus pathology as well as the skill of creating the visual 
montage. The mannequin model is limited, however, in that 
only one examiner can be taught at a time. To simultaneously 
teach fundus pathology and direct ophthalmoscopy skills to 
groups of students, a partial occluder for use with projected 
fundus photographs was devised. 

The occluder (Figure) is constructed ofa rigid, lightweight, 
material, such as cardboard, with approximate dimensions of 
1x1 m. It has a central round hole approximately 33 cm in 
diameter. The surface facing the projected light is dark green 
or black, with a matte finish. An appropriately sized image is 
made on the screen by varying the slide projector's zoom lens 
and its distance from the screen. The projected image should 
be one that allows the aperture of the occluder to reveal a field 
that approximates that of the direct ophthalmoscope. 

The occluder is held just in front of the screen. The aperture 
is centered on the optic disc of the projected slide. The partici- 
pants can then describe or draw their visual impressions of 
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Manual occluder. 


the slide. The aperture is slowly swept over the remainder of 
the slide in a fashion that the instructor recommends for 
fundus viewing with the direct ophthalmoscope. The audience 
then has the opportunity to draw the fundus as it is revealed 
by the instructor. After the slide has been serially revealed 
through aperture viewing, the occluder is removed so the 
details of the audience’s drawings can be compared with the 
unoccluded, wide-angle fundus photograph. The specific de- 
tails of fundus pathology can then be discussed. This inexpen- 
sive process allows the simultaneous teaching of fundus pa- 
thology and direct ophthalmoscopy skills to groups of 
students. 

MICHAEL S. KoRENFELD, MD 

Columbia, Mo 


The author has no commercial or proprietary interest in this product. 


1. Kahlenborn C, Sassani JW, Sherrard M, Frankel CA. A mannequin for 
teaching ocular fundus examination skills. Arch Ophthalmol. 1989;107:1725- 
1726. 

2. Colenbrander A. Simulation device for ophthalmoscopy. Am J Ophthal- 
mol. 1972;74:738-740. 

3. Honegger H, Kafer P. Model eye for the teaching of ophthalmoscopy. 
Klin Monatsbl Augenheilkd. 1971;158:885-887. 


Suture Removal After Blepharoplasty 


To the Editor.—This letter is in response to a comment by 
Glatt et al' in the February 1991 issue of the ARCHIVES. They 
mentioned that “many patients who have undergone blephar- 
oplasty have very low pain thresholds . . .” during the re- 
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moval of sutures following eyelid surgery. This implies that 
persons undergoing blepharoplasty are a different type of 
patient, which is simply impossible to believe. I think I would 
have believed it 20 years ago, in that our background as 
ophthalmologists frequently caused us to look askance at 
patients who wished to have any cosmetic procedure per- 
formed. I hope the comment casually dropped in their reply is 
taken with a grain of salt by the readers, and re-examined by 
the writers. 

Henry I. Baytis, MD 

Los Angeles, Calif 


1. Glatt HJ, Putterman AM, Farber MD. In reply to: Neigel JM. Suture 
removal after blepharoplasty. Arch Ophthalmol. 1991;109:175. 


In Reply.—We agree with Dr Baylis that the majority of 
patients undergoing cosmetic blepharoplasty are no different 
from any other patient. As we previously stated, the reason 
for more discomfort in suture removal may be because we 
remove sutures 4 days after cosmetic blepharoplasty, com- 
pared with 5 to 7 days for other patients. Patients may be 
more tender at this earlier time. 


ALLEN M. Putrerman, MD 
Chicago, Ill 

HERBERT J. GLATT, MD 
Knoxville, Tenn 


An Inexpensive, Pressure-Regulated Air Pump for Fluid-Air 
Exchange During Pars Plana Vitrectomy 


To the Editor.—We were surprised to read the article by 
Landers et al' from the University of California, Davis (Sacra- 
mento) describing a “new,” inexpensive pump for vitreore- 
tinal surgery in the January issue of the ARCHIVES. The 
instrument, which they termed the “Davis Ocular Air Pump,” 
is identical to the system we designed and published nearly 
two years earlier in a peer-reviewed journal along with two 
other useful adjuncts for vitreoretinal surgery.” We also had 
determined the need for a less costly alternative to the “cur- 
rent state-of-the-art air pump.” Our apparatus was described 


The pressure-regulated vitrectomy air pump outflow line is connected 
to the eye via a two-port valve and sterile micropore filter. A needle- 
pressure relief valve is attached to the first port to adjust the intraocular 
pressure. The second port connects to the manometer for accurate 
measurement of the intraocular pressure. 
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as a simple, inexpensive, pressure-regulated air pump for 
fluid-air exchange during pars plana vitrectomy. This unit 
was assembled using an aquarium-style air pump, a needle- 
pressure relief valve available for aquarium pumps, a mercu- 
ry manometer borrowed from a sphygmomanometer, and a 
two-port aquarium valve connected to disposable tubing and a 
micropore filter (Figure). Our device has been in constant use 
as a primary instrument at a sister University of California 
hospital operating room, the San Diego Veteran’s Adminis- 
tration Medical Center, for 31/2 years. More than 300 vitrecto- 
mies have been performed without mechanical complication. 
Only recently has the pump been replaced at a cost of $40. The 
instrument was safety-tested and approved for use in the 
operating room. We have also used this system in the labora- 
tory as a fluid-air exchange pump during vitrectomies on 
animals, and as a constant-pressure air injector for experi- 
mental endoretinal biopsy procedures.’ 

The use of aquarium-style air pumps for vitreoretinal sur- 
gery is not new, as Landers et al point out. However, we 
developed a sphygmomanometer-style regulating and mea- 
suring device to control and monitor the intraocular pressure 
in millimeters of mercury, an accepted standard. It is gratify- 
ing to know that other investigators have independently dis- 
covered our design. 


JEFFREY G. Gross, MD 
Columbia, SC 


WILLIAM R. FREEMAN, MD 
MICHAEL H. GoLpBAaum, MD 
Tim L. MENDEZ 

San Diego, Calif 


1. Landers MB III, Stewart M, Maberely D, Serdahl C. A new inexpensive 
pump for vitreoretinal surgery. Arch Ophthalmol. 1991;109:142-143. 

2. GrossJG, Freeman WR, Goldbaum MH, Mendez TL. Useful adjuncts for 
vitreoretinal surgery. Br J Ophthalmol. 1989;73:435-439, 

3. Gross JG, Schneidermann TE, Wiley CA, Bergeron-Lynn G, Faber DW, 
Freeman WR. Experimental endoretinal biopsy. Am J Ophthalmol. 
1990;110:619-629. 


In Reply. —We appreciate the comments by Dr Gross and his 
colleagues regarding their description of a similar inexpen- 
sive air pump for vitreoretinal surgery in the British Journal 
of Ophthalmology. We apologize for having missed this de- 
scription during our survey of the literature. Apparently, 
both groups independently developed a simple, inexpensive, 
and reliable air pump for use in vitreoretinal surgery. 

Hopefully, these two articles will facilitate the use of such 
inexpensive air pumps throughout the world, particularly in 
areas where cost is an important component in the level of 
available care in the vitreoretinal field. 


Maurice B. LANDERS III, MD 
MICHAEL STEWART, MD 
Davip MABERELY 

CHRISTIAN SERDAHL, MD 
Sacramento, Calif 


Retinal Pigment Epithelial Tears Through the Fovea With 
Preservation of Good Visual Acuity 


To the Editor.—Bressler et al’ raise the interesting question 
as to whether visual function can be maintained if pigment 
epithelium is lacking. The authors present two cases in which 
a large pigment epithelium rip underlying the fovea did not 
reduce central visual acuity to worse than 20/40 and 20/32. 
The authors seem to favor the speculation that “macular 
RPE [retinal pigment epithelium] may not be essential for 
maintenance of central vision.” They do also mention that 
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“foveal photoreceptors may be apposed to RPE that was not 
visible biomicroscopically or angiographically.” 

We have performed experimental work that would favor 
the latter explanation.” When the retina and pigment epitheli- 
um are removed experimentally, a profuse leakage of fluores- 
cein occurs through bare Bruch’s membrane into the vitreous 
cavity. This leakage terminates quickly because of a thin layer 
of unpigmented cells covering the defect. Such profuse leak- 
age has been observed in human eyes, but only very rarely.” 
Usually no leakage occurs and only a window defect remains 
visible. We believe that Bruch’s membrane in pigment epithe- 
lial tears after a long-standing pigment epithelial detachment 
can be covered by a thin layer of pigment epithelial cells, 
preventing such profuse leakage. Pathologic documentation 
for this phenomenon is available.’ 

Thus, rather than postulating good visual function of the 
retina without the pigment epithelium, one can explain the 
retained good vision by the existence of a layer of nonpig- 
mented pigment epithelium underneath the pigment endo- 
thelial rip. 


ROBERT MACHEMER, MD 
Durham, NC 


WILSON Heriot, MD 
Melbourne, Australia 


1. Bressler NM, Finklestein D, Sunness JS, Maguire AM, Yarian D. Retinal 
pigment epithelial tears through the fovea with preservation of good visual 
acuity. Arch Ophthalmol. 1990;108:1694-1697. 

2. Heriot WJ, Machemer R. Pigment epithelial repair. Graefes Arch Clin 
Exp Ophthalmol. In press. 

3. Sunakawa M, Tsukahara I. Tears of the retinal pigment epithelium and 
serious retinal detachment. Am J Ophthalmol. 1985;100:488-489. 

4. Swanson DE, Kalina RE, Guzak St V. Tears of the retinal pigment 
epithelium: occurrence in retinal detachments and/or chorioretinal scars. Reti- 
na. 1984;4:115-118. 

5. Murphy RP, Yeo JH, Green WR, Patz A. Dehiscenses of the pigment 
epithelium. Trans Am Ophthalmol Soc. 1985;83:63-79. 


In Reply.—We appreciate the thoughtful comments of Ma- 
chemer and Heriot regarding our article.’ The experimental 
work they report? demonstrates in rabbit eyes that after 
removal of the sensory retina and retinal pigment epithelium 
(RPE), cells (which appear to be pigment epithelial derived) 
will migrate and proliferate over the defect. We do not know 
from their experimental studies if the cells within the defect 
are needed for preservation of visual acuity within the defect 
(since their animal model involves removal of the sensory 
retina). 

Machemer and Heriot also suggest that their model lends 
support to the hypothesis that “usually no leakage occurs and 
only a window defect remains visible” following a tear of the 
RPE. However, if only a window defect were noted following 
a tear of the RPE, one would not expect to see the intense 
hyperfluorescence that is seen in the late angiographic frames 
showing the tear. In the late frames of the first case that we 
reported in our recent article’ (Fig 1, middle right), intense 
hyperfluorescence suggests that something other than a 
“window defect” accounts for the bright hyperfluorescence. If 
we speculate that the intense hyperfluorescence represents 
staining of the thin layer of unpigmented cells covering the 
defect, we still cannot explain why the intense hyperfluores- 
cence is noted within 2 hours after the tear, as was seen in our 
first case. As we previously mentioned, we hypothesize that 
no leakage occurs because no potential space exists between 
the photoreceptors and the choroid within the area of the 
defect; perhaps the increased oncotic pressure of the choroid 
is able to prevent the development of a sensory retinal detach- 
ment in the absence of RPE." The intense hyperfluorescence 
may represent a window defect combined with staining of the 
choroid or sensory retina when fluorescein passes through 
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Bruch’s membrane or pooling of dye within a very thin space 
between the sensory retina and the choriocapillaris. The 
gradual diminution of this late hyperfluorescence (Fig 1, bot- 
tom right in our article) may represent reparative processes 
that occur after the tear of the RPE, including relative block- 
age by a thin layer of tissue proliferating over the tear and/or 
changes in the choriocapillaris underlying the tear. 

In conclusion, we still believe that our reported cases’ do 
suggest that macular RPE may not be essential for mainte- 
nance of central vision, or that foveal photoreceptors may be 
apposed to RPE that is not visible biomicroscopically or an- 
giographically, and we find both of these hypotheses intrigu- 
ing. The recent experimental work by Heriot and Machemer* 
contributes to our understanding of the intriguing role of the 
RPE in health and disease, and we thank them for bringing 
this to our attention. 


NEIL M. BRESSLER, MD 
DANIEL P. FINKELSTEIN, MD 
JANET S. SUNNESS, MD 
ALBERT M. MAGUIRE, MD 
Baltimore, Md 


Davip YARIAN, MD 
Princeton, NJ 


1. Bressler NM, Finkelstein D, Sunness JS, Maguire AM, Yarian D. Retinal 
pigment epithelial tears through the fovea with preservation of good visual 
acuity. Arch Ophthalmol. 1990;108:1694-1697. 

2. Heriot WJ, Machemer R. Pigment epithelial repair. Graefes Arch Clin 
Exp Ophthalmol. In press. 

3. Marmor MF. Mechanisms of normal retinal adhesion. In: Ryan SJ, ed. 
Retina. St Louis, Mo: CV Mosby Co; 1989;3:76. 


Functional Zs Distinct From Cosmetic 


To the Editor.—The editorial by Anderson and Holds' in the 
December 1990 issue of the ARCHIVES raises an issue that the 
Florida Society of Ophthalmology and the state’s Medicare 
carrier, Florida Blue Cross/Blue Shield, have jointly attempt- 
ed to solve. Unfortunately, the article depicts all providers 
and carriers as staunch adversaries. With mandates on reim- 
bursement reduction, which the carrier as an intermediary 
implements but typically does not initiate, a “shoot the mes- 
senger” relationship is easy to adopt. All practitioners can 
produce a list of inconsistent claim handlings by any carrier. 
An attempt by Anderson and Holds (and recent others) to 
quantify visual defects in lid droop have already solved the 
problem for insurers. However, the article cries out not for 
additional studies on quantifying defects, but for communica- 
tion with carriers. 

State ophthalmology societies’ third-party reimbursement 
committees have been successful in dealing with the carriers 
in Florida, California, Indiana, Virginia, and Texas. At the 
recent American Academy of Ophthalmology meeting in At- 
lanta, Ga, and Washington, DC, the Leadership Conference 
devoted a 90-minute workshop to this same topic. Remark- 
able strides are achievable in all areas of ophthalmic reim- 
bursement when rapport is developed using the state society 
as the representative voice. The Florida carrier, in particu- 
lar, has been willing to pioneer areas of reimbursement such 
as functional (reconstructive) blepharoplasty in “private 
business” and for Medicare. The current medical policy of the 
carrier states that blepharoplasty procedures (15822, 15823, 
67901 through 67908, and 67917) will be considered recon- 
structive surgery when performed to correct visual impair- 
ment due to excessive drooping, acquired ptosis, or hooding of 
the eyelid(s). Medicare will pay for functional repair of the 
eyelids if vision is impaired or if chronic lid inflammation is 
present. Blepharoplasty would be considered functional if the 
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patient has excessive drooping, acquired pseudoptosis, or 
hooding of the eyelid. A physician can determine that blephar- 
oplasty is a functional procedure if secondary impairment of 
peripheral vision causes a 30% superior field loss, or a 10° to 
15° improvement of superior fields can be shown during peri- 
metry with eyelids elevated with tape. In addition, providing 
photographic documentation to substantiate excess skin of 
the upper eyelids or ptosis of the lids is also necessary. 
Blepharoplasty would also be considered a functional proce- 
dure if the photos demonstrated a chronic inflammation in the 
skin folds. 

For the moment, it is a good start. A patient can now be 
definitively counseled before surgery when the testing crite- 
ria have been properly recorded. This and other areas of 
questionable reimbursement can be resolved with communi- 
cation. It takes time and effort but like other things, it reaps 
dividends. 


Ropert O. BARATTA, MD 
Stuart, Fla 


1. Anderson RL, Holds JB. Does anyone know how to differentiate a ‘func- 
tional’ defect from a cosmetic one? Arch Ophthalmol. 1990;108:1685-1686, 


In Reply.—1 thank Dr Baratta for his suggestions and for 
listing the criteria for blepharoplasty that have been adopted 
by the Florida Medicare carrier. I agree with his opinion that 
communication and working with the insurance carrier are 
important. I believe that we also try to work closely with our 
insurance carriers. My staff and I correspond and converse 
with insurance carriers daily. This is the best way of attempt- 
ing to obtain reimbursement for procedures that could be 
considered either functional or cosmetic. 

Unfortunately, I do not share Dr Baratta’s Florida experi- 
ence that reimbursement is consistent with, or even deter- 
mined by, the preoperative studies performed. In the states 
where I have worked, we remain perplexed regarding insur- 
ance carrier’s determinations on reimbursement. You state 
that “a patient can now be definitively counseled before sur- 
gery when the testing criteria have been properly recorded.” 
Unfortunately, with present Medicare laws, I would caution 
any physician against definitively counseling their patients 
before surgery on reimbursement for blepharoplasty in states 
other than Florida. I am delighted to hear that the problem is 
resolved in Florida. That gives us hope for the future. 


RICHARD L. ANDERSON, MD 
Salt Lake City, Utah 


Discoloration of a Silicone Intraocular Lens 

6 Weeks After Surgery 

To the Editor.—In the July 1991 issue of the ARCHIVES, 
Milai skas' reported 15 cases of discoloration of silicone in- 
traocular lenses (IOLs). I have implanted silicone IOLs since 
July 1985 and have never seen (or at least never recognized) a 
case of silicone IOL discoloration. For the first 5 years, almost 
all the lenses that I used were manufactured by STAAR 
Surgical Co, Monrovia, Calif. Since July 1990, I have mainly 
used the AMO SI 18 series silicone IOLs. 

On May 2, 1991, an uneventful implantation of a 22.0- 
diopter, 14.00-mm silicone IOL (AMO Model SI-18NGB, seri- 
al 9103431686) was performed on an 85-year-old woman. At 
the 6-week postoperative examination (before I was aware of 
Dr Milauskas’ report), routine slit-lamp examination revealed 
that this lens had a brownish discoloration centrally. It resem- 
bled grade II brown nuclear sclerosis. At that time, the 
patient’s corrected visual acuity was 20/40, and a fluorescein 
angiogram revealed cystoid macular edema. 

It is difficult to imagine that this implant became discolored 
in the patient’s eye in such a short period of time, especially 
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since it is the center rather than the surface or superficial 
portion of the implant that is affected. The only postoperative 
medication prescribed was topical prednisolone sodium phos- 
phate. However, fluorescein was instilled once for Goldmann 
applanation during the postoperative examinations. 

It is possibile that these lenses were discolored at the time 
of implantation. Therefore, the company should trace other 
lenses from this manufacturing “batch” to see if the same 
problem exists. 

RUSSELL H. Watt, MD 
Marshalltown, Iowa 

The author has no proprietary interest in any intraocular lens or other 

surgical device. 


1. Milauskas AT. Silicone intraocular lens implant discoloration in humans. 
Arch Ophthalmol. 1991;109:913, 


In Reply.—The communication from Dr Watt is extremely 
timely and significant; he must be congratulated on his clinical 
finding of a discolored silicone IOL 6 weeks after surgery. Dr 
Watt's report is also significant because it now demonstrates 
that the behavior of “silicone” as an IOL material in the 
human eye is not isolated to the two manufacturers originally 
reported by me in the ARCHIVES, but also involves another 
major manufacturer of silicone IOLs. In a recent Ocular 
Surgery News teleconference on discolored silicone IOLs, 
Patricia Knight, PhD, of Allergan Medical Optics, Irvine, 
Calif, confirmed that there were reports of 1% hazing or 
discoloring of some IOLs in early clinical studies and 0.7% 
discoloration in later studies. I believe that some silicone 
IOLs can discolor very early after implantation. The discolor- 
ation of the silicone IOL occurring within 6 weeks of implanta- 
tion does not surprise me, because a retrospective examina- 
tion of hundreds of clinical photographs of silicone IOLs 
revealed two definitely discolored IOLs (IOLAB Corp, Clare- 
mont, Calif) 2 months after surgery. One of these IOLs was 
mentioned in my original report to the ARCHIVES. 

As suggested in the original report, we should be skeptical 
of silicone as a material for use in IOLs, and we should not 
accept simplistic, trivial, or unscientific explanations of the 
discoloration problem. As it stands, we really do not have a 
good explanation of what is happening to silicone in the human 
eye. 

ALBERT T. Mitauskas, MD 
Palm Springs, Calif 


In Reply.—This letter is in response to Dr Watt's letter 
concerning discoloration of an IOL model SI-I8NGB manu- 
factured by Allergan Medical Optics (AMO), Irvine, Calif. We 
appreciate the opportunity to address Dr Watt’s concerns and 
will be sending a clinical researcher to observe this lens 
firsthand. In the meantime, we have consulted the manufac- 
turing records of this IOL and found that 34 other lenses from 
the same batch have been implanted with no report of 
discoloration. 

Dr Watt's description of a centrally located discoloration 
appears similar to our observations made during Food and 
Drug Administration core studies in 1987. Several investiga- 
tors reported that under slit-lamp examination, eight sub- 
jects (1.6%) in the cohort were found to have a slight haze in 
the center of their SI-18B implant. However, all three investi- 
gators believed this haze to be clinically insignificant and 
noted no visual disturbance. In addition, all three investiga- 
tors noted that in each case, the degree of central haze re- 
mained unchanged from the time of initial observation. These 
data were included in our premarket approval application. 
We studied these patients carefully, modified our manufac- 
turing processes, and introduced a new inspection method to 
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reduce and eliminate these variations in lens appearance. We 
also conducted follow-up studies 1 year later on several of the 
patients and found no progressive changes in the lens 
appearance. 

To date, with over 150 000 AMO silicone lenses implanted, 
the overall incidence of such reports is currently 0.07%, with 
no clinical significance being reported in any case. We believe 
this to be a cosmetic anomaly that is not progressive and has 
no impact on optical performance. Our scientists believe that 
this slight central haze in the AMO silicone IOL is caused by 
water vapor absorption and may have a tan or brownish 
appearance due to light scattering. We are, however, con- 
tinuing to study and monitor patients with these lenses. The 
quality of silicone IOLs has improved markedly since they 
were first introduced, and will continue to improve, as have 
the polymethylmethacrylate lenses over the years. 

Prior to clinical trials, AMO carried out an extensive test- 
ing program to verify the performance of its silicone materi- 
als. Lenses implanted in rabbits and cats were well tolerated 
and showed no loss in their optical properties. Also, no ob- 
servable distortion or discoloration was disclosed by slit-lamp 
examination after 1 year of implantation. 

In addition to this extensive biocompatibility testing of the 
silicone, we also used two different accelerated in vitro tests 
to assess the stability of the material in the presence of 
various mechanisms that might degrade its in vivo properties 
over time. We tested hydrolytic degradation in both the SLM- 
1 UV and SLM-2 UV silicones for an equivalent of 20 years in 
vivo, and found no signs of degradation or discoloration in 
spite of the severe conditions used. We recently extended 
these studies to an equivalent of 30 years in vivo, and still 
found no signs of browning or other discoloration. Similar 
results were obtained during testing for exposure to high 
levels of UV light simulating 20 years in vivo. ' 

More than 150 000 AMO silicone IOLs have been implanted 
worldwide with no signs of toxicity, degradation, or progres- 
sive discoloration. We believe this track record is the result of 
our commitment to a thorough understanding of silicone tech- 
nology and to our continued investment in research and devel- 
opment and manufacturing engineering process development 
of our silicone IOL products. 

Patricia M. Knicut, PHD 
Irvine, Calif 

Dr Knight is Vice President of Research and Development and Engineering 

at Allergan Therapeutics Group, Surgical Products. 


1. Christ FR, Fencil DA, van Gent S, Knight PM. Evaluation of the chemi- 


cal, optical, and mechanical properties of elastomeric intraocular lens materials 
and their clinical significance. J Cataract Refract Surg. 1991;15:181-184. 


Comments on Silicone Intraocular Lens Discoloration 


To the Editorv.—We read with interest the letter by Milaus- 
kas' and also his reply” to the correspondence by Kershner’ 
and Ziemba.’ We congratulate Dr Milauskas for detailing his 
findings and for providing a notification of possible problems 
with silicone as an intraocular lens (IOL) biomaterial. These 
letters provide an alert to the ophthalmic community and the 
Food and Drug Administration. 

We wish to communicate our experience with explanted 
silicone lenses that were submitted to the Center for Intra- 
ocular Lens Research (Salt Lake City, Utah, and Charleston, 
SC) between July 1987 and July 1991. Of a total of approxi- 
mately 5000 explanted IOLs studied in our laboratory, 24 
were silicone lenses, of which 11 were manufactured by 
STAAR Surgical Co (Monrovia, Calif) and 13 by Allergan 
Medical Optics (AMO; Irvine, Calif). The implant duration of 
these IOLs ranged from 7 days to 34 months (mean, 16 
months). The main reason for explantation was decentration/ 
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subluxation (14 of 24 cases). In this series, no discoloration 
was noted on macroscopic examination of the IOLs. Occasion- 
ally we noted deposits of uveal pigment on the IOL surface, 
but no pigmentation or discoloration within the lens 
substance. 

In addition to explant studies, we conducted postmortem 
studies on four eyes with silicone IOLs and reviewed three 
preclinical biocompatibility studies we had completed on sili- 
cone IOLs manufactured by AMO, IOLAB Corp (Claremont, 
Calif), and STAAR Surgical. In these studies, we did not 
notice discoloration of the material or any impaired biocompa- 
tibility of silicone as compared with polymethylmethacrylate. 

In his response, Dr Milauskas’ refers to the situation in the 
mid-1980s when the closed-loop anterior chamber lenses were 
encountered. He noted that “. . . if only someone had recog- 
nized the problems . . . ” with the IOLAB 91Z, the Optical 
Radiation Corp style 11 (Stableflex Lens), and the Leiske- 
style lenses and others, “.. . and had the courage to speak 
out, perhaps many eyes would not have been jeopardized.” 
Actually, many investigators had presented documentation, 
lectures, and publications regarding these problem IOLs at 
an early date,” prior to the Food and Drug Administration’s 
action on these lenses in 1986. 

It seems premature to mention the problem of silicone 
discoloration in the same context as the closed-loop anterior 
chamber lenses of the early 1980s. The latter could cause 
extensive tissue damage and threatened vision. The problem 
of silicone discoloration is worthy of long-term follow-up, but 
there is no evidence yet that this compares with the closed- 
loop anterior chamber lenses in terms of visual loss or severe 
tissue complications (eg, uveitis-glaucoma-hyphema syn- 
drome). Except for possible, but not yet proven, glare distur- 
bances and possible reduced contrast sensitivity, no decrease 
in visual acuity caused by the silicone IOLs has been 
documented. 

Our studies lead us to believe that the most important issue 
with silicone IOLs is not so much one of the material itself, but 
actually is one of manufacture and design. Some of the prob- 
lems with the early silicone IOLs** (eg, malposition and poste- 
rior capsule opacification) were related to design and/or faulty 
manufacture rather than the biomaterial per se. Active work 
is now in progress on designs to improve these IOLs for use in 
small incision surgery. 

By documenting with slit-lamp examination the discolor- 
ation that appears with some manufacturers’ IOLs, Dr Mi- 
lauskas has emphasized that silicone lenses should be careful- 
ly observed. We have never particularly advocated or 
rejected silicone as a foldable IOL material, and we agree 
with Dr Milauskas that a close look at these IOLs is war- 
ranted. However, these findings should not lead to a blanket 
condemnation of all silicone IOLs. Further proof must be 
provided that the discoloration issue will be of major impor- 
tance in terms of causing vision-threatening complications. 

ULRICH F. C. LEGLER, MD 
DavipJ. APPLE, MD 
Charleston, SC 


The authors have no proprietary interest in any of the products mentioned in 
this article or in any other IOL manufacturer, 


1. Milauskas AT. Silicone intraocular lens implant discoloration in humans. 
Arch Ophthalmol, 1991;109:913. 

2. Milauskas AT. Silicone intraocular lens implant discoloration in humans. 
Arch Ophthalmol. 1991;109:915, 

3. Kershner RM. Silicone intraocular lens implant discoloration in humans. 
Arch Ophthalmol, 1991;109:913-914. 

4. Ziemba SL. Silicone intraocular lens implant discoloration in humans. 
Arch Ophthalmol. 1991;109:914-915. 

5. Apple DJ, Brems RN, Park RB, et al. Anterior chamber lenses, I: 
complications and pathology and a review of designs. J Cataract Refract Surg. 
1987;13:157-174. 
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6. Apple DJ, Hansen SO, Richards SC, et al. Anterior chamber lenses, II: a 
laboratory study. J Cataract Refract Surg. 1987;13:175-189. 

7, Newman DA, McIntyre DJ, Apple DJ, Deacon J, Popham JK, Isenberg 
RA. Pathologic findings of an explanted silicone intraocular lens. J Cataract 
Refract Surg. 1986;12:292-297. 

8. Milauskas AT. Posterior capsule opacification after silicone lens implanta- 
tion and its management. J Cataract Refract Surg. 1987;13:644-648. 


In Reply.—I thank Drs Legler and Apple for their enlighten- 
ing comments on the silicone IOL discoloration problem. 
Patience is a virtue, and eventually their laboratory will have 
a discolored IOL to examine. In the interim, I hope that this 
laboratory will develop a protocol for the scientific examina- 
tion of these discolored IOLs, because a macroscopic exami- 
nation will not suffice. Spectrographic, chemical, and other 
methods of examination will need to be employed. 

The biocompatibility studies that Drs Legler and Apple cite 
are all well and good, but in clinical practice these silicone 
IOLs are being implanted in human eyes, and, as we all are 
aware, certain materials do not always behave in a fashion 
expected of them; if they did, the need for human clinical trials 
would be unnecessary. 

My comments on the closed-loop IOLs were not meant to be 
completely analogous to the present situation, except to em- 
phasize that courage is required if clinical investigators are to 
report unfavorable results that might have an economic effect 
on IOL manufacturers. In my own case, the corporate and 
individual pressure to discredit my clinical findings, surgical 
technique, facility, and equipment have been tremendous. 
Some of this pressure is noted in the responses to my original 
report. One of the more glaring examples of the attempt to 
minimize and discredit the reported clinical finding of the 
discolored silicone IOLs is the quotation attributed to How- 
ard Fine, MD: “I was among the original investigators 
(IOLAB). I’m seeing patients that I implanted in 1986, and I 
have never seen [discoloration]. I do all the post ops in all my 
patients. . . I have such great confidence in silicone that I do 
99% silicone [implants]” (Ocular Surgery News. July 1, 
1991:1,14-15). Dr Fine revealed in an Ocular Surgery News 
teleconference on August 14, 1991, that reexamination did 
reveal that many of the IOLs manufactured by IOLAB Corp 
were discolored. Because other examiners have corroborated 
the original findings and found additional discolored silicone 
IOLs, IOLAB Corp discontinued the clinical trials until the 
problem is resolved. IOLAB Corp is to be complimented on 
their action in protecting the public interest. 

I disagree with Drs Legler and Apple that the most impor- 
tant issue facing silicone IOLs is one of manufacture and 
design. It appears that silicone itself is suspect, as we now see 
with the recent report of a discolored American Medical 
Optics silicone IOL by Dr Watt. The discoloration phenome- 
non has now been observed in the silicone IOLs manufactured 
by IOLAB Corp, STAAR Surgical, and American Medical 
Optics. To date, I have personally identified 24 discolored 
silicone IOLs, nine of which were manufactured by IOLAB 
Corp and 15 by STAAR Surgical. The fact that some of the 
discolored silicone IOLs virtually turn into cataracts should 
make us consider whether we should use this type of IOL. At 
the very least, the surgeon contemplating use of this type of 
IOL will need to inform the patient that there exists a poten- 
tial for the implanted IOL to discolor. Approval of investiga- 
tional silicone IOLs for general use should be withheld until it 
is clear that the consumer will not be at risk now or in the 
future. We should also carefully monitor those IOLs already 
approved, for potential, future adverse reactions such as 
discoloration. 

ALBERT T. MiLauskas, MD 
Palm Springs, Calif 


Dr Fine was given the opportunity to respond, but he declined. —ED. 
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Secondary Glaucoma and Uveitis 
Associated With Orcolon 


To the Editor.—Orcolon is a high-molecular-weight viscoelas- 
tic agent (purified polyacrylamide polymer) manufactured by 
Optical Radiation Corp (Azusa, Calif) for use in intraocular 
procedures. Two multicenter clinical trials in patients under- 
going cataract surgery performed as part of the Food and 
Drug Administration approval process failed to detect any 
pattern of intraocular toxic effects. Nonetheless, we recently 
evaluated two patients who suffered postoperative complica- 
tions that we believe may be secondary to the use of this 
substance. 


Report of Cases.—On April 22, 1991, a total of 12 patients under- 
went uneventful cataract surgery performed by the same surgeon 
(H.J.S.) at the same surgical facility. All patients underwent the 
same preoperative, intraoperative, and postoperative regimen. In- 
traoperative medications used consisted of balanced salt solution 
(Alcon) with 0.5 mL of epinephrine, 50 mg/mL vancomycin hydro- 
chloride, and 40 mg/mL gentamicin sulfate, 0.01% carbachol (Mio- 
stat), and Orcolon in the anterior chamber; balanced salt solution 
(Aleon), tobramycin (Tobrex), and physostigmine salicylate (Eser- 
ine) topically; and a subconjunctival injection of methylprednisolone 
sodium succinate. All patients underwent uncomplicated phacoemul- 
sification. The same multipiece implant with proline haptics and 
planoconvex polymethylmethacrylate optics (model UV375, Optical 
Radiation Corp) was used in all patients. All products, except Orco- 
lon, from the same lots, were used by seven other surgeons on 
roughly 30 cases at the same surgical facility on different days with- 
out complications. Postoperative complications occurred in the fol- 
lowing two of these 12 patients. 

CASE 1,—A 72-year-old white woman presented with multiple 
medical problems and an ocular history of recurrent corneal erosions 
and cataract. Surgery was uneventful, and on postoperative day 1, 
her uncorrected visual acuity was 20/100 and intraocular pressure 
(IOP) was 26 mm Hg. Anterior chamber reaction was minimal and, 3 
days later, the IOP was 20 mm Hg. The patient was given predniso- 
lone acetate (Pred Forte) four times per day and was not seen until 9 
days after surgery, when she experienced severe pain and nausea. At 
that time, she had a visual acuity of hand motion, with corneal edema 
and an IOP of more than 60 mm Hg. Paracentesis was performed on 
an emergency basis. Gonioscopy at that time showed an open angle, 
moderate anterior chamber reaction, and a small hyphema. Treat- 
ment with §-blocker, acetazolamide (Diamox), oral osmotics, and 
ultimately mannitol was unsuccessful; daily examination for 5 days 
was unrevealing, and trabeculectomy was performed. At the time of 
the trabeculectomy, an aqueous sample was taken for both culture 
and chemical analysis by Optical Radiation Corp, and was reported to 
be normal. Light and electron microscopy showed normal pathologic 
findings in the trabecular and iridectomy specimen. Examinations 
were performed frequently in the first month after trabeculectomy, 
after which they were performed every couple of months. At the last 
follow-up, 4 months after surgery, the patient had a visual acuity of 
20/200. Chronic low-grade anterior uveitis was present, with an IOP 
of 14 mm Hg. Retinal evaluation showed macular drusen without 
macular edema, but angiography showed intense leakage of fluores- 
cein from the disc. The macular drusen was thought to be responsible 
for the patient’s decreased visual acuity. The patient complained of 
constant soreness of the eye and continued receiving atropine and 
topical corticosteroid therapy. 

CASE 2.—A 76-year-old white man presented with no significant 
ocular history other than cataract in his right eye. After uncomplicat- 
ed surgery, examination on postoperative day 1 showed a quiet 
chamber and an IOP of 21 mm Hg. When seen 3 days later, he had a 
pinhole visual acuity of 20/50, anterior chamber cell of 1 + , and an IOP 
of 13 mm Hg. He was not seen again until 9 days after surgery, when 
he experienced severe pain and was found to have an IOP of over 60 
mm Hg. The IOP increase was successfully controlled with medica- 
tion for a period of 5 weeks until the pressure again climbed to about 
30mm Hg. Examination at that time showed a visual acuity of 20/200, 
a clear cornea, 1+ cell and flare, and an open angle. Severe pain was 
present in the eye as well. Periocular steroid injection helped to 
control the pain and decreased the anterior uveitis, although vitritis 
measuring 2+ persisted. With maximal doses of medication, IOP 
remained between 35 and 40 mm Hg. Fluorescein angiography at that 
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time showed florid cystoid macular edema. Laser trabeculoplasty 
was performed without success. Subsequently, the patient under- 
went a single-plate Molteno implant (IOP Inc, Malibu, Calif) with 
scleral graft. Six weeks after surgery, he had a visual acuity of 20/200, 
panuveitis measuring 1+, and an IOP of 28 mm Hg. A high-domed 
filtering bleb was noted and hypotensive medications were being 
sequentially added. 


Comment.—Both of these cases shared the common fea- 
ture of uneventful surgery followed by an increase in IOP 
associated with uveitis that was detected 9 days after sur- 
gery. Pain was severe and was disproportionate to the degree 
of inflammation. Infection was ruled out based on aqueous 
culture and the clinical course. The delayed onset of pain 
associated with elevated IOP and uveitis may have been due 
to a reaction or response to Orcolon. At the time of this 
writing 4 months after surgery, the postoperative inflamma- 
tion has continued, with persistent vision loss secondary to 
macular drusen in case 1 and severe macular edema in case 2. 

Although it is impossible to conclusively implicate Orcolon 
in these cases, this was the common variable in this group of 
12 patients. All of the other agents used at the time of surgery 
have long track records of safe usage, and we are not aware of 
any reports of these or any other agents causing IOP to 
increase 9 days after surgery. It is important to note that our 
cases were discovered after this postoperative interval be- 
cause the patients presented with pain. Most surgeons do not 
examine their patients at this time after surgery, and it is 
certainly possible that modest elevations in IOP develop fre- 
quently in this period but are not normally detected. Recent- 
ly, other scattered cases of delayed elevations in IOP have 
occurred that have been associated with Orcolon use; howev- 
er, it has not been conclusively proved that these cases of 
increased IOP were caused by the product. Many of these 
cases had other complicating features that are known to be 
risk factors for developing secondary glaucoma (clinical up- 
date communication, Optical Radiation Corp, August 1991). 
We urge caution in using this new viscoelastic agent until 
further laboratory testing is completed. We also urge clini- 
cians who have encountered similar postoperative complica- 
tions with this or other intraocular agents to report their 
cases so that the true incidence and spectrum of this complica- 
tion can be understood. 

Marc J. SIEGEL, MD 
Henry J. SPIRO, MD 
JOEL A. MILLER, MD 
Les I. SIEGEL, MD 
Southfield, Mich 


None of the authors have any commercial or proprietary interest in this 
product or company or any competing companies. 


In Reply. —The viscoelastic agent, Orcolon, received premar- 
ket approval from the Food and Drug Administration in 
March 1991. More than 4 years of preclinical and clinical work 
was performed to establish clinical safety and efficacy. Since 
this is a response to speculation about possible product toxic- 
ity, it must by nature appear somewhat defensive. 

In vitro studies were performed for testing mutagenicity, 
hemolytic activity, cell growth inhibition, and cytotoxicity. In 
vivo studies included tests for oral toxic effects, dermal sensi- 
tization, ocular irritation, and intraocular toxic effects. From 
these studies it was established that Orcolon (and its extract) 
is nonmutagenic, does not lyse red blood cells, and is neither 
inhibitory nor toxic to mammalian cells in culture. Moreover, 
after oral administration in rats; dermal application or injec- 
tions in rabbits, guinea pigs, and humans; and ocular or 
intraocular instillation in rabbits and monkeys, Orcolon was 
found to be both nontoxic and nonsensitizing. 

Data obtained from the two multicenter clinical trials of 803 
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patients mentioned by Dr Siegel and colleagues comparing 
Orcolon with Healon (KabiPharmacia, Sweden) revealed that 
the incidence of postoperative sequelae were statistically 
equivalent for both treatment modalities. 

More specifically, the cases reviewed by Dr Siegel were 
reported to Optical Radiation Corp (ORC) in late April 1991. 
Personnel from the company and a medical consultant (glau- 
coma specialist) assisted in the review and suggested man- 
agement of the cases. 

Delayed elevation of intraocular pressure (IOP) may result 
from a variety of events including inflammation, residual 
cortical material, steroids, hyphema, and vitreous in the ante- 
rior chamber. A review of the cases presented showed one or 
more of these clinical complications to be present. 

Before surgery, one patient exhibited multiple medical 
problems, an IOP of 23 mm Hg, and the presence of drusen. 
After surgery, hyphema was noted and the patient suffered 
congestive heart failure. The pathologic findings in the tra- 
becular and the iridectomy specimens from outside laborato- 
ries were normal. Nine different intraocular medications 
were used during these surgeries. 

Before surgery, a second patient demonstrated age-related 
macular degenerative changes in both eyes. The patient's 
postoperative IOP elevation was successfully controlled in 3 
days. Inflammation/glaucoma medications were continued 
for 3 weeks; postoperative inflammation persisted and was 
treated with steroids. Subsequently, IOP was controlled with 
a Molteno implant. 

It is clear that these were not uncomplicated cases and that 
Orcolon cannot be identified as the single causative factor in 
the delayed IOP increase in these cases. 

Based on the extensive preclinical testing, the multicenter 
clinical trial, and the multiplicity of factors contributing to the 
onset of delayed IOP elevation, it is difficult to conclude that 
this new product is the single causative factor in these clinical 
cases. Neither the postoperative inflammation nor the elevat- 
ed IOP can be attributed to a toxic response related to the 
product. The majority of surgeons using Orcolon report a 
favorable overall performance. 

Since these initial cases, additional reports of delayed IOP 
increases have been reported to ORC. Although the incidence 
rate is low, ORC has notified product users of the current 
clinical experience in a letter dated August 23, 1991. In addi- 
tion, we asked that any postoperative complications be re- 
ported to the company. Of the more than 15 000 estimated 
cases of Orcolon use, delayed elevated IOPs have been report- 
ed in approximately 0.3%. 

Optical Radiation Corp continues to pursue the etiologic 
characteristics of these complications. To evaluate possible 
causative mechanisms, ORC is conducting an extensive re- 
search program. All reports are being thoroughly reviewed 
by our medical consultants to determine common factors. 
Product performance records are currently being reviewed 
by internal personnel and a post-market surveillance study is 
planned for comparing viscoelastic agents, to look for very 
low complication rates. 

Finally, we continue to encourage open communication 
with the company, reviewing all the performance criteria of 
our products and certainly, but not limited to, any postopera- 
tive complications that occur. We thank the authors of the 
letter for their support by contributing their clinical data to 
our study. 

GREGG WHITAKER 
Azusa, Calif 


Mr Whitaker is senior vice president of Optical Radiation Corp. 


In the October 16, 1991, issue of Argus, the Public Health 
Committee of the American Academy of Ophthalmology is- 
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sued a “Clinical Alert” regarding Orcolon, and reported that 
Optical Radiation Corp had initiated a recall of this visco- 
elastic agent. The committee recommended immediate dis- 
continuation of the use of Orcolon and careful postoperative 
observations of patients treated with this material for detec- 
tion and treatment of elevated intraocular pressure. The 
October 21, 1991, issue of the Wall Street Journal reported 
that “The Food and Drug Administration said it expects to 
designate the products status this week as a health hazard.” 

—Ep. 


Magnetic Resonance Imaging of Eyelid Springs and 
Gold Weights 


To the Editor. —We read with great interest the letter by Seiff 
et al' in the March 1991 issue of the ARCHIVES. We faced a 
similar predicament and tested gold weights in addition to lid 
springs. We want to share two points. 





See also p 1503. 





Although stainless steel is generally considered to be non- 
magnetic, it can become magnetic when bent or formed, as is 
done for palpebral springs.” We tested a formed palpebral 
spring (0.010-in stainless steel wire, Catalog No 200-104, 
Unitek Corp, Monrovia, Calif) in a high-field-strength 1.5-T 
magnetic resonance imaging (MRI) system (Signa, General 
Electric, Milwaukee, Wis). It was held in a palm in front of the 
magnet before it was placed in the bore of the magnet without 
any noticeable movement or heating. The stainless steel wire 
of 302 grade was then taped onto the eyelid of a volunteer 
(K.M.R.), and an MRI was performed. Spin-echo techniques 
and gradient-echo sequences were used. The gradient-echo 
method is the most sensitive to artifacts. There was some mild 
artifact seen on the images, but again, no movement or heat- 
ing was detected (Fig 1). 





Fig 1.—Gradient-echo MR image with a 1.6-g gold weight on the right 
eyelid and a palpebral spring on the left eyelid. The gold weight (G) 
appears as only a signal void. The palpebral spring (S) causes a signal 
artifact of approximately 5 x 15 mm. There was much less artifact seen 
on the spin-echo images. 
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Fig 2.—Computed tomographic scan with a 1.6-g gold weight (G) on 
the right eyelid and a palpebral spring (S) on the left eyelid. The gold 
weight causes extensive beam-hardening artifact. The palpebral 
spring is imaged more precisely. 


Precast gold weights (Meddev Corp, Los Altos, Calif) were 
also tested in the MRI device and computed tomographic 
scanner for artifact. Although gold is nonmagnetic, it was 
tested in the MRI device for any induced electromagnetic 
artifact and in the computed tomographic scanner for any 
beam-hardening artifact. On the MR image, the 1.6-g gold 
weight can be seen as a signal void without other artifacts (Fig 
1), whereas on the computed tomographic scan, there is ex- 
tensive beam-hardening artifact (Fig 2). 

We believe that there is no contraindication to MRI with 
either a palpebral spring or a gold weight. In fact, MRI is 
preferable to computed tomography when gold weights are 
implanted because MRI has less image artifact as well as 
better imaging of the posterior fossa. If applicable, it may be 
prudent to provide the patient with a separate palpebral 
spring. The spring could then be tested in the magnetic field 
before any future MR examinations to document its ferro- 
magnetic properties or lack thereof, thus making the patient, 
the radiologist, and the ophthalmologist more comfortable. 

MAJ THomaAs A. GARDNER, MC, USA 
MAJ Kevin M. Rak, MC, USA 
Aurora, Colo 


The opinions or assertions contained herein are those of the authors and are 
not to be construed as official Department of the Army or Department of 
Defense policy. 

The authors have no commercial or proprietary interest in any imaging 
modality, gold weights, or wire material. 
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Case Reports 


Endophthalmitis Associated With 
Sutureless Cataract Surgery 





Sutureless cataract surgery has re- 
cently emerged as a new method of 
performing cataract surgery. The pro- 
posed benefits include decreased post- 
operative astigmatism and faster visu- 
al recovery. Several ophthalmologists 
have advertised this surgery as being 
“state of the art.” One must remember 
that state of the art is not necessarily 
synonymous with “standard of care” or 
“standard practice.” 





See also p 1562. 





Our experience with the postopera- 
tive complications of this technique 
leads us to have serious reservations 
regarding its safety (risk-benefit 
ratio). 


Report of a Case.—A 53-year-old man 
was referred for evaluation of possible en- 
dophthalmitis. Approximately 2 weeks ear- 
lier he had undergone sutureless cataract 
surgery with implantation of a posterior 
chamber intraocular lens. Five days before 
being examined by us, he underwent an 
intraocular lens exchange because the origi- 
nal lens had the incorrect power. This sur- 
gery was performed through the original 
incision and was also “closed” without a 
suture. 

Our examination revealed moderate che- 
mosis, a 5% hypopyon, pupillary mem- 
brane, and marked vitreous cells. There 
was a blunted red reflex and no view of the 
fundus. A B-scan ultrasonographic exami- 
nation revealed vitreous membranes and 
organization. 

The patient underwent an emergency vi- 
trectomy. Following the peritomy, the 
wound was noted to be gaping. Before any 
further manipulations were performed, a 
hyphema accumulated in the superior por- 
tion of the anterior chamber, suggesting 
communication between the episcleral hem- 
orrhage (induced by the peritomy) and the 
anterior chamber. The wound was closed 
with six interrupted 9-0 nylon sutures. A 
core pars plana vitrectomy with injection of 
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intravitreal vancomycin hydrochloride (200 
pg), amikacin sulfate (100 pg), and dexa- 
methasone phosphate (1 mg) was per- 
formed. A large aggregation of white blood 
cells and a dense fibrinous membrane over- 
lay the entire posterior pole and optic disc. 
No peeling of the posterior membranes was 
performed. 


Comment.—The incidence of en- 
dophthalmitis following implantation of 
a secondary intraocular lens has re- 
cently been reported as being much 
higher (0.30%) than a standard extra- 
capsular cataract extraction with in- 
traocular lens implantation (0.072%).' 
A recent article’ described the effect of 
artificially increasing the intraocular 
pressure in eye bank eyes that had 
undergone a 5.2-mm scleral tunnel in- 
cision. The eyes were reported to with- 
stand a mean intraocular pressure of 
1778 mm Hg before rupturing. It 
would also be interesting to perform a 
study of the integrity of these wounds 
following a more practical insult, such 
as external scleral pressure, which 
more closely simulates eye rubbing. 

Sutureless cataract surgery has 
been performed for such a short period 
that it has established neither a short- 
term nor long-term safety record. Our 
experience regarding complications as- 
sociated with this surgery also includes 
another patient with an extensive cho- 
roidal hemorrhage. Without the bene- 
fit of a controlled clinical study, these 
complications have given us serious 
reservations regarding the safety of 
this surgery. We believe that this sur- 
gical “modification” should be consid- 
ered experimental and investigated 
accordingly. 

THOMAS P. HESSBURG, MD 
DONALD P. MAXWELL, MD 
JAMES G. DIAMOND, MD 
New Orleans, La 
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Horner's Syndrome Secondary to 
Spontaneous Carotid Dissection With 
Normal Angiographic Findings 





Spontaneous dissection of the internal 
carotid artery is an uncommon disor- 
der that is almost always associated 
with angiographic evidence of dissec- 
tion.’ We report a case of Horner's 
syndrome secondary to spontaneous 
subadventitial internal carotid artery 
dissection associated with normal an- 
giographic findings. Magnetic reso- 
nance imaging (MRI) demonstrated 
the subadventitial dissection. 


Report of a Case.—A 57-year-old hyper- 
tensive man complained of a droopy left 
upper eyelid and mild scalp tenderness. One 
week earlier, he had developed generalized 
weakness, postural dizziness, and nausea. 
Several days later, he developed a dull ache 
around his left eye, cheek, and anterior 
aspect of the neck, as well as a faint metallic 
taste in his mouth. 

Examination revealed a blood pressure of 
170/120 mm Hg. Visual acuity was 20/20 
OU. There was l-mm ptosis of the left 
upper eyelid. Pupillary testing demonstrat- 
ed dilation lag in the left eye, with relative 
miosis that increased in dim illumination. 
Pharmacologic pupillary testing with 10% 
cocaine confirmed the diagnosis of Horner's 
syndrome, and testing with 1% hydroxyam- 
phetamine localized the Horner's syndrome 
to the third-order neuron. The remainder of 
the ocular and neurologic examination re- 
sults were normal. 

The results of computed tomography and 
MRI of the brain were normal. Four-vessel 
intra-arterial digital subtraction angiogra- 
phy was interpreted as normal (Fig 1). An 
axial MRI of the neck suggested the pres- 
ence of a crescent-shaped lesion involving 
the distal 3 cm of the left cervical internal 
carotid artery, which was relatively hyper- 
intense on T,- and T,-weighted images. A 
fat-suppressed axial MRI of the neck with 
inferiorly placed flow saturation pulses re- 
vealed persistent hyperintensity (Fig 2), 
suggesting a pericarotid hematoma second- 
ary to subadventitial dissection involving 
the left internal carotid artery. The patient 
was treated with one aspirin daily. All 
symptoms resolved spontaneously, but the 
Horner’s syndrome persisted. 
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arrow. 


Comment.—Spontaneous dissection of 
the internal carotid artery is probably 
more common than previously recog- 
nized.’ Neuroradiologic advances and in- 
creased use of angiography have facilitat- 
ed its diagnosis.” Up to 60% of cases may 
resolve without angiographic signs. ' 

The clinical features of carotid dis- 
section have been recently summa- 
rized,” and most commonly include 
headache (92%), cerebral ischemic 
symptoms (67%), and Horner's syn- 
drome (58%). Less common symptoms 
include bruits, light-headedness, syn- 
cope, amaurosis fugax, neck pain and 
swelling, scalp tenderness, dysgeusia 
(an altered sense of taste), and cranial 
nerve palsies. Although most symp- 
toms resolve within several weeks to 
months, Horner's syndrome persists in 
the majority of patients.” 

In the vast majority of cases, angi- 
ography demonstrates vascular abnor- 
malities, such as stenosis, occlusion, 
aneurysmal dilatation, or some combi- 
nation of these findings.’ Subintimal 
dissections usually appear stenotic, 
while subadventitial dissections usual- 
ly appear dilated.” In this case, the 
angiography results were normal, but 
MRI suggested a pericarotid hemato- 
ma consistent with a subadventitial 
carotid artery dissection. It has been 
shown that MRI is useful in specifically 
demonstrating acute and subacute ca- 
rotid artery dissections.’ The use of fat 
suppression and inferiorly placed flow 
saturation pulses enhances the con- 
spicuousness of such lesions, thus mini- 
mizing any ambiguity in diagnosis. * 
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Fig 1.—Intra-arterial digital subtraction angiogram of the left carotid 
circulation, the results of which were interpreted as normal. The level 
of the axial magnetic resonance image in Fig 2 is indicated by the 
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carotid artery dissection 


Treatment of spontaneous carotid 
dissection is somewhat controversial. 
Anticoagulation may be indicated 
when patients present with cerebral 
ischemic symptoms or evidence of em- 
bolization.” Patients with hemicrania 
and Horner's syndrome usually do well 
with observation alone, although anti- 
platelet therapy may be appropriate.’ 
Prognosis is good, with approximately 
85% of patients having a complete or 
excellent recovery.” Spontaneous ca- 
rotid dissection rarely recurs.' 

Onset of unilateral headaches and 
ipsilateral Horner's syndrome is a rela- 
tively common presentation of carotid 
artery dissection,” and in this clinical 
setting, expedient angiography is usu- 
ally required. Including the cervical 
region in the initial MRI may demon- 
strate a carotid dissection and obviate 
the need for angiography. 

ROBERT E. FOSTER, MD 
GREGORY S. KosMorsky, DO 
PATRICK J. SWEENEY, MD 
THOMAS J. MASARYK, MD 
Cleveland, Ohio 
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Fig 2.—Axial view of fat-saturated magnetic resonance image of the 
distal left cervical internal carotid artery, showing a hyperintense 
pericarotid hematoma (arrow) consistent with a subadventitial internal 





Macular Hole Formation Following Laser 
Photocoagulation of Choroidal 
Neovascular Membranes in a Patient 
With Presumed Ocular Histoplasmosis 





Macular holes have been reported to 
occur after accidental laser photocoag- 
ulation™ and, in one case, after laser 
treatment for central serous retinopa- 
thy.’ We describe the first reported 
case, to our knowledge, of a macular 
hole occurring several years after laser 
photocoagulation for two choroidal 
neovascular membranes in a patient 
with presumed ocular histoplasmosis. 
Report of a Case.—A 40-year-old white 
man with ocular histoplasmosis presented 
with blurred vision in his left eye of 3 
weeks’ duration. He had previously under- 
gone argon laser photocoagulation for an 


extrafoveal choroidal neovascular mem- 
brane of the right eye in 1979 and for two 
juxtafoveal choroidal neovascular mem- 


branes of the left eye in 1979 and 1985. By 
October 1988, a subfoveal area of retinal 
pigment epithelium atrophy was noted (Fig 
1) Fluorescein angiography showed no 
evidence of persistent or recurrent 
neovascularization. 

The patient returned emergently in Sep- 
tember 1990 with acute central Amsler grid 
haziness of his left eye. Visual acuity was 
20/20+2 OD and 20/30 OS. Anterior seg- 
ment examination showed trace nuclear 
sclerosis. Ophthalmoscopy showed bilateral 
atrophic peripapillary scarring and multi- 
ple, punched-out, atrophic, flat, peripheral 
lesions without associated fluid. The right 
macular atrophic laser photocoagulation 
sear appeared unchanged from prior photo- 
graphs. The two left macular laser photoco- 
agulation scars (supertemporal and infero- 
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Fig 1.—Red-free photograph of patient's left eye demonstrates flat extrafoveal photocoagula- 


tion scars. 





Fig 2.—Red-free photograph of patient's left eye 2 years later demonstrates a full-thickness 
macular hole with a surrounding cuff of subretinal fluid and overlying retinal striae. 


temporal to the fovea) showed central 
hyperpigmentation and surrounding hypo- 
pigmentation without fluid, lipid, or hemor- 
rhage. However, there was a full-thickness 
macular hole with a one half dise diameter 
cuff of subretinal fluid (Fig 2). The posteri- 
or vitreous appeared attached on contact 
lens biomicroscopy. Fluorescein angiogra- 
phy showed a left macular transmission 
defect and staining of the laser scar borders 
without leakage. 


Comment.—Boldrey et al' described 
two patients who developed full-thick- 
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ness retinal holes after inadvertent 
neodymium-YAG laser exposure. One 
patient, exposed to 150 mJ, was noted 
to have a full-thickness macular hole 
by day 9. The other patient, exposed 
to 6 mJ, showed a small retinal hole 
with preretinal hemorrhage and yellow 
spots within the hole 1 day after 
exposure. 

Curtin and Boyden’ reported macu- 
lar edema with foveal hemorrhage 
evolving to hole formation within 2 


weeks after exposure to a reflected 
ruby laser beam (estimated energy, 
2.16 J). Choroidal scarring was visible 
through the retinal hole. 

Goldberg et al’ noted choroidal hem- 
orrhage extending through the retinal 
hole into the vitreous following acci- 
dental neodymium-YAG laser expo- 
sure. Within 8 days, the edges of the 
hole were visible. At follow-up 9 
months later, no evidence of choroidal 
neovascularization was observed. 

Gass‘ reported macular hole forma- 
tion following laser photocoagulation 
treatment of central serous retinop- 
athy, and postulated that it was relat- 
ed to vitreoretinal traction and not to 
the laser. 

Our patient was unusual since his 
macular hole developed several years 
after receiving therapeutic extrafoveal 
argon laser photocoagulation. Unlike 
the patients of Boldrey et al’ and Gold- 
berg et al,’ we cannot attribute the 
macular hole to mechanical disruption 
of the macula from the laser. Unlike 
Curtin and Boyden’s’ patient, we can- 
not attribute the macular hole to a 
thermal burn. Our patient’s relatively 
young age and the absence of an appar- 
ent posterior vitreous detachment or 
operculum do not support vitreoretinal 
traction as a cause. 

We postulate that our patient’s mac- 
ular hole represented the evolution of 
retinal thinning associated with the 
adjacent laser scars. The retinal scars 
may have led to contraction of the 
adjacent tissues and transmitted tan- 
gential stresses to the fovea, resulting 
in the macular hole. Macular hole for- 
mation should be considered a possi- 
ble, albeit rare, complication of treat- 
ment for choroidal neovascularization. 


JENNIFER I. Lim, MD 
ANDREW P. SCHACHAT, MD 
Baltimore, Md 
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Charlottesville, Va 
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Primary Aspergillosis of the Orbital Apex 


Aspergillus fumigatus is an opportu- 
nistic fungal pathogen that typically 
affects the pharynx and paranasal si- 
nuses with secondary orbital involve- 
ment.’ Primary orbital (and central 
nervous system) involvement with as- 
pergillosis has been reported infre- 
quently.” In some cases, an erroneous 
diagnosis of idiopathic orbital inflam- 
mation may be made and the early use 
of high dosages of corticosteroids may 
result in disaster. 


Report of a Case.—A 65-year-old man 
with atherosclerotic heart disease devel- 
oped left-sided headaches and brow ache in 
December 1988. One month earlier, he was 
noted to have shingles of the left buttock. 
Diplopia ensued in January 1989, and re- 
sults of magnetic resonance imaging were 
stated to be normal. 

At the time of the neuro-ophthalmologic 
examination 1 month later, the patient com- 
plained of severe left retro-orbital pain and 
diplopia. A left motility disturbance with 
90% of normal adduction, 40% infraduction, 
0% supraduction, and 50% abduction was 
detected. There was marked left blepharop- 
tosis, but no proptosis. Corneal reflex was 
normal. Visual acuity was 20/20 OD and 
20/25 OS, with normal Goldmann visual 
fields. Left color vision was abnormal (31/2 
of six American Optical-Hardy Rand Ritter 
plates) and a 2+ left afferent pupil defect 
was noted. A left orbital apex syndrome 
was diagnosed and confirmed on high-reso- 
lution computed tomography. Posterior 
ethmoids and sphenoidal sinuses were nor- 
mal, and no bone erosion was noted (Fig 1). 

Prednisone therapy (60 mg/d) was begun 
and 2 days later, the pain and ptosis re- 
solved. No afferent pupil defect was noted 
and the motility improved. On administra- 
tion of oral prednisone (40 mg/d), the motil- 
ity was normal except for 80% of normal 
abduction. However, on weaning to 30 mg, 
a small afferent pupil defect returned and 
left visual acuity was reduced to 20/40 with 
depression of inferior visual field isopters. 
A repeated computed tomographic scan 
showed improvement. Prednisone therapy 
was increased to 60 mg/d, but visual acuity 
was unchanged and an inferior altitudinal 
defect developed. The patient was hospital- 
ized and the results of a work-up for sys- 
temic malignancy and infectious etiologies 
were negative. Results of a lumbar punc- 
ture were unremarkable. 

A course of intravenous methylpredniso- 
lone therapy (250 mg/d) was administered 
with marked improvement in visual fields 
and acuity. When the patient was again 
administered oral prednisone (100 mg/d), 
visual acuity dropped to 20/70 OS and the 
inferior altitudinal defect returned. 

A repeated computed tomographic scan 
2 weeks later showed a small apical infil- 
trate with slight extension into the posteri- 
or ethmoid and sphenoid sinus (Fig 2). A 
biopsy was scheduled, but on the day of 
admission, the patient’s mental status di- 
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Fig 2.—Orbital computed tomogram shows apical infiltrate extending into the posterior ethmoi- 
dal sinus. 


minished. Slight right-sided weakness and a 
right Babinski’s reflex were noted. A lum- 
bar puncture now showed marked leukocy- 
tosis with polymorphonuclear predomi- 
nance and an elevated protein. No 
organisms were isolated. Intravenous anti- 
biotics and acyclovir were begun. Despite 
the fact that his general condition was 
deteriorating, a biopsy of the posterior eth- 
moid and sphenoid sinus lesion was per- 
formed. Inflammation of sinus mucosa was 
noted on a frozen section. Two days later, 
final sections showed tissue teeming with 
fungal elements identified as A fumigatus. 
Despite administration of amphotericin B, 
his physical condition rapidly deteriorated 
and he died 2 weeks later. No postmortem 
examination was performed. 


Comment. —Spoor et al’ reported a 
case of corticosteroid-responsive optic 
neuropathy in which a 49-year-old 
healthy woman with a left retrobulbar 
optic neuropathy and periocular pain 
noted marked recovery of visual acuity 
from counting fingers at 2 ft to 20/25 
after oral corticosteroid therapy. How- 
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ever, with weaning of medication, vi- 
sual acuity decreased and a motility 
disturbance ensued. Soon after, right 
hemiplegia and mental status changes 
occurred. Subsequent biopsy of the 
paranasal sinus showed aspergillosis, 
but despite therapy with antifungal 
agents, the patient died. 

A corticosteroid-responsive orbital 
“inflammatory” process must be dealt 
with with extreme caution. Although 
corticosteroid treatment may at times 
mask an underlying neoplastic process, 
delaying the correct diagnosis, such 
therapy may cause exacerbation of an 
undetected fungal infection with inva- 
sion of the central nervous system and 
death. Careful neuroradiologic follow- 
up should be performed in all cases and 
early biopsy performed when the clini- 
cal course (ie, paranasal sinus involve- 
ment, bone erosion, and increasing in- 
filtrate) is atypical. 


MICHAEL L. SLAVIN, MD 
New Hyde Park, NY 
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Eyelid Pain After Magnetic 
Resonance Imaging-Induced 
Palpebral Spring Vibration 





Magnetic resonance imaging is now the 
diagnostic imaging procedure of choice 
for patient follow-up after acoustic 
neuroma surgery. Magnetic resonance 
imaging provides an excellent view of 
the cerebral pontine angle. 





See also p 1498. 





Implantation of palpebral springs in 
patients who suffer from paralytic 
lagophthalmos are commonly used to 
correct exposure keratitis and improve 
eyelid closure. Eyelid springs are fash- 
ioned from orthodontic wire. Although 
orthodontic wire usually is not magnet- 
ic, some wires may contain ferromag- 


netic metal that could result in patient 
injury. 

Report of a Case.—A 26-year-old white 
female presented with a right seventh 
nerve palsy. In 1980, an acoustic neuroma 
was removed “and an eyelid spring fash- 
ioned from orthodontic wire placed. The 
spring was tolerated for 8 years. In Sep- 
tember 1988, a magnetic resonance imaging 
scan was performed for follow-up evalua- 
tion of the cerebral pontine angle. During 
the examination, the patient noted vibra- 
tion of her eyelid spring. During the next 
several months, the patient experienced 
episodes of eyelid pain, discoloration, and, 
occasionally, mild ecchymosis. The pain was 
most severe in the central portion of the 
eyelid, adjacent to the inferior loop of the 
spring, which was covered with a synthetic 
polyester fiber (Dacron). 

We first examined the patient on June 1, 
1989. Visual acuity was 20/20 OU. A right 
seventh nerve palsy was present, and a 
small ptosis was associated with a well- 
positioned and functioning eyelid spring. A 
slight elevation in the central portion of the 
eyelid was caused by the polyester fiber 
covering the inferior loop of wire. There 
was no ecchymosis or discoloration of the 
lid. A minimal amount of lid edema was 
present. The central portion of the lid was 
tender to palpation, Results of slit-lamp 
evaluation revealed clear corneas without 
punctate staining. 

An oral second-generation cephalosporin 
antibiotic was administered for 8 days to 
determine if an infective process was par- 
tially responsible for pain, with no improve- 
ment in symptoms, including the mild eye- 
lid swelling. On June 9, 1989, a steroid was 
injected locally to the central portion of the 
lid. The patient returned 1 week later still 
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complaining of eyelid swelling and pain. The 
patient requested removal of the spring 
because of the intermittent pain. 

The spring was removed surgically on 
July 21, 1989. At surgery, the spring was 
found to be well covered by polyester fiber. 
No infection was noted. After surgery, the 
patient recovered uneventfully and had 
complete resolution of eyelid pain. 


Comment.—Since the introduction 
of the palpebral spring by Morel-Fatio 
in 1964, palpebral springs fashioned 
from orthodontic wire have been used 
successfully to help manage exposure 
keratopathy and paralytic lagophthal- 
mos.'~ To our knowledge, this is the 
first reported case of magnetic reso- 
nance imaging-related eyelid spring 
vibration resulting in recurrent eyelid 
pain and swelling. It is likely that the 
eyelid spring vibrated because it con- 
tained ferromagnetic metal. We sug- 
gest that physicians implanting eyelid 
springs make sure springs are con- 
structed of stainless steel and not mag- 
netic before implantation. As another 
alternative, we suggest eyelid springs 
be fashioned from polymethyl methac- 
rylate or related polymers. 
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Solving one puzzle of 
patient communications... 
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Medicolegal Forms with Legal 
Analysis 


To order by mail: 

simply complete this order 
form, and return it with your 
check or credit card informa- 
tion to the address below 
(payment must accompany 
your order). 


Send this order form to: 
Order Dept. OP630290 
American Medical Association 
PO Box 2964 

Milwaukee, WI 53201-2964 


Medicolegal Forms with Legal Analysis is the ideal resource for 
assembling the legal pieces of your physician-patient relations. 
This newly-revised single volume contains virtually all the 
sample forms you need to develop customized medicolegal 
documentation for your medical practice. 

Medicolegal Forms contains more than 80 sample forms 
developed by the AMA's Office of the General Counsel, along 
with discussions explaining the use and structure of the forms 
and case law citations. 

Only Medicolegal Forms with Legal Analysis assembles 
this valuable information so conveniently for adaptation to 
individual practice situations. 

Order your copy today; call toll-free 1-800-621-8335 


—— Copies @ $25 each (AMA Member) $. 
—— Copies @ $32 each (Non-Mémber) $. 


Subtotal $. 





Organization 


Sales tax if applicable (see chart below) $ 
Address 


Please add $3.50 shipping and handling 
for orders totaling less than $35.00 $. 





City/State/Zip 


Daytime Telephone Number TOTAL $ 

ME Number (required for member discount) State Tax State Tax State Tax State Tax 
AZ 6.7% IA 4% ND 5.5% SC 5% 

. , AR 6% ID 5% NE 6.5% TN 7.75% 
fe) Enclosed is my check payable to: Eko ty Bi AN A Si 
American Medical Association CT 8% KS 6.25% NY 8.25% WI 5.5% 

DC 6% MN 6.5% OH 7% WV 6% 
GA 6% NC 5% 








Please charge my L] MasterCard [_] Visa 


e For quantity discounts, call 1-312-464-0183 
* Please allow 4 to 6 weeks for delivery 


Account Number * Prices subject to change without notice 


Expiration Date 


Cardholder's Signature HP013 


“We must make sure that policies are based on facts, not fears.” 


Dr. Paul Volberding, Researcher, University of California, San Francisco, Member, American Medical Association 


Amid the rancor of politics and budget debates, 
the needs of the patient are often overlooked. And, it 
is forgotten that it is physicians who know the most 
about disease and the suffering of patients. 

Nowhere is this more true than with AIDS. 

“Throughout the history of epidemics, there has 
been the possibility of reactions and policy based on 
fear and stigma,” states Dr. Volberding. 

The American Medical Association (AMA) 
agrees. The AMA is committed to fair AIDS policies, 
and to supporting researchers battling not just AIDS, 
but the countless diseases that ravage our society. 


“What impresses me most about the AMA is its 
willingness to take public policy positions and its abil- 
ity to influence opinion,” Dr. Volberding adds. 

The AMA supports his work and is proud that he 
is an AMA member. If you want to join him, return the 
attached postage-paid card or call 1-800-AMA-3211. 


American Medical Association 


Physicians dedicated to the health of America 








1506 





a EOS” 


1506 


_ High-profile surgeons 


talk about 


low-profile benefits 


66rhe shape of the SLANT 
haptic and its angulation of five 
ea we're getting closer to a 
“Mei more ideal product.?? 


—E. Ronald Salvitti, MD 








There was some straight talk about 
SLANT" haptics and state-of-the-art 
surgical techniques at the SLANT ` 
Symposium, held April 6, 1991 in 
Boston. There, it was unanimously 
agreed that as the currents of change 
push the scleral tunnel or pocket inci- 
sion more posterior, the IOL must fit 
through a deeper incision and enter at 
a steeper angle...thereby requiring a low 
entry profile for ease of implantation. 
And, as illustrated at the Symposium, 
no IOL keeps a lower profile than the 
SLANT ™ haptic lens (above). 


e I 


SLANT HAPTICS 


— __ 


W 
(R 


degrees is very effective... 


ERSE 


66 The state of the art today is 
to use capsule-fixated narrow- 


; profile single-piece 
biconvex PMMA 

è lenses. 9? 
—Ronald Coburn, MD 





According to Drs. Salvitti, Coburn, and 
Jaffe, this uniquely curved haptic is ideal 
for entry into the new, more posterior 
incisions. There’s less manipulation and 
less force for a more harmonious inser- 
tion (above). And, as the SLANT ™ 
haptic lens continues into the anterior 
chamber (right), the movement of haptic 
and optic remains unified. This haptic- 
optic harmony allows you to control the 
entire lens orientation with the optic 
alone...which is why the wave of the 
future in IOLs is making difficult or two- 
handed implantation a thing of the past. 


H RHAR TECHNOLOG 
HAPTIC ASPECT RATI 








66 The traditional lens is harder 
to place in the bag...compared 

to the smooth entry of 
the SLANT haptic 
lens.99 

— Norman Jaffe, MD 





Now, ALCON” makes easier implan- 
tation a thing of the present—and the 
future—with SLANT™ haptics 
technology. ALCON” to surgeon. 
Surgeon to lens. And lens to bag. 
SLANT™ haptics technology covers all 
the angles when it comes to the latest 
challenges created by new wound 
architecture. And you heard it straight 
from these distinguished surgeons. Hear 
even more about SLANT" haptics 
straight from us...ask your local ALCON® 
sales representative. 


The wave of the future...nothing keeps a lower profile 


Caution: Federal (USA) law restricts these devices 
to sale by or on the order of a physician. 

© Copyright, Alcon Surgical, Inc., 1991 

SPL 035 


Alcon 


SURGICAL 


Innovation 
Without 


Compromise 





Alcon Surgical, Inc., 6201 South Freeway, Fort Worth, TX 76134 
1-800-TO ALCON (1-800-862-5266) 


Behavior Offset Is Rejected by Organized Medicine 


Washington, DC.—The American Medical Associa- 
tion (AMA) has joined with 16 medical specialty organi- 
zations in voicing objections to an offer by the Health 
Care Financing Administration (HCFA) to reduce the 
resource-based relative value scale (RBRVS) conver- 
sion factor to 6%. 

The primary objection to the offer is the inclusion of a 
behavior offset. Behavior offset is the presumption by 
the HCFA that, to avoid loss of income, physicians will 
increase their volume of services when payments are 
reduced. Representatives of the AMA have argued 
that the Medicare Volume Performance Standard 
(MVPS) was included in the payment reform legislation 
for the purpose of dealing with some volume increases. ' 
James & Todd, MD, Executive Vice President of the 
AMA, contends that the MVPS makes the behavior 
offset redundant. 

The proposal to cut the conversion factor to 6% was 
outlined by Gail R. Wilensky, PhD, head of the HCFA. 
Wilensky has expressed disappointment over orga- 
nized medicine’s rejection of the offer. 

The AMA is now asking Congress for a legislative 
solution to the problem, in the form of the so-called 
“Stark” bill, HR3070. The bill, introduced by Rep Fort- 
ney “Pete” Stark (D, Calif), amends the rules on the 5- 
year RBRVS transition period by “barring HCFA from 
adjusting the conversion factor for volume increases 
the agency assumes RBRVS will spawn” (AM News. 
August 12, 1991:4). In essence, the Stark bill would 
prohibit the use of a behavior offset. 

In a letter to members of Congress, Todd is urging 
legislators to support the Stark bill, saying that, “Your 
co-sponsorship will send a strong signal to HCFA that 
its proposal is unacceptable.” In the letter, Todd states 
that the behavior offset is anathema to organized medi- 
cine and would result in “across-the-board” fee reduc- 
tions that the original legislation never intended. He 
said that the HCFA is continuing to violate some of the 
basic principles of the health care reform legislation. 

Cynthia Root, Director of Governmental Relations 
for the American Academy of Ophthalmology (AAO), 
said that the AAO agrees with the AMA's stand on the 
RBRVS and believes that the HCFA’s rationale for 





Julie Foreman, Section Editor 
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4 James S. Todd, MD 


such a large conversion factor, be it 6% or 35%, is totally 
unjustified. Under the proposed rules for physician 
payment that were published in June 1991, ophthalmol- 
ogists’ Medicare fees would be cut by an estimated 
30% —almost 20% more than intially estimated when 
the RBRVS was introduced originally in 1988. 

The AAO supports the efforts of the AMA to change 
the conversion factor and legislation, Root says. She 
also thinks it is unlikely that Congress will be able to 
remedy the situation. She thinks that Wilensky has 
compromised as much as she is going to on the conver- 
sion factor. 

At press time, the HCFA was analyzing comments it 
had received concerning the proposed physician pay- 
ment guidelines and was planning to publish its final 
regulations by the end of October. 

JULIE FOREMAN 


1. Foreman J. AMA responds to RBRVS with grassroots campaign. Arch 
Ophthalmol. 1991;109:1207. 
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Book Reviews 
Edited by Daniel M. Albert, MD 





Antiviral Agents and Viral Diseases of 
Man, 3rd ed, by George J. Galasso, Richard 
J. Whitley, and Thomas C. Merigan, 800 pp 
with illus, New York, NY, Raven Press, 1990, 
$150. 


The recent explosion of research con- 
cerning the human immunodeficiency 
virus has advanced the understanding 
of a variety of viral infections and 
spurred the development of new antivi- 
ral agents. Drs Galasso, Whitley, and 
Merigan have made significant changes 
in their text, which was last revised in 
1984. This new edition succeeds in incor- 
porating the latest understanding of vi- 
ral diseases and their therapy into one 
volume. 

“. . „a first source of information 
on the therapy of human viral 
diseases.” 


Chapters with relevance to ophthal- 
mologists include those on varicella-zos- 
ter virus infections, herpes simplex vi- 
rus 1 and 2, human papillomaviruses 
and interferon therapy, human immu- 
nodeficiency virus and other human re- 
troviruses, Epstein-Barr virus and 
human herpesvirus type 6, and cyto- 
megalovirus in the immunosuppressed 
patient. 

Ocular viral infections and their 
treatment are discussed in a 50-page 
chapter by Deborah Pavan-Langston. 
The chapter is unique in that it provides 
useful information for ophthalmologists 
and nonophthalmologists and elegantly 
summarizes the disease manifestations 
and treatment of the most important 
ocular viral infections. Included are sec- 
tions on herpes simplex virus 1 and 2, 
cytomegalovirus, varicella-zoster, Ep- 
stein-Barr virus, acquired immunodefi- 
ciency syndrome, adenovirus, and sev- 
eral pox viruses. The therapeutic advice 
is straightforward and practical. Con- 
troversial areas, such as the use of corti- 
costeroids in ocular viral infections, are 
appropriately handled. The photo- 
graphs are uniformly excellent. 

Clinicians and researchers may be in- 
terested in the sections on basic biology, 
laboratory diagnosis, and prevention. 
The latter summarizes the current un- 
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derstanding of immunizations against 
viral diseases. 

Comparing the current edition with 
the first edition, one is amazed at the 
explosion of information and progress in 
the treatment of a variety of viral dis- 
eases. At the same time, the majority of 
viral diseases remain untreatable and 
much needs to be learned. This book is 
highly recommended as a first source of 
information on the therapy of human 
viral diseases. 


MICHAEL B. RAIZMAN, MD 
Boston, Mass 


Current Neuro-Ophthalmology, vol 1, 
edited by Simmons Lessell and J. T. W. van 
Dalen, 370 pp with black-and-white illus, Chi- 
cago, Ill, Year Book Medical Publishers Inc, 
1988, $89.95. 


This is the first volume of a biennial 
publication that reviews pertinent 
neuro-ophthalmologic literature of the 
preceding 2 years. However, this initial 
volume contains work from 1980 to 
1986. This volume is not intended as a 
textbook, but rather as a reference of 
specific neuro-ophthalmologic topics. 
Each review is written by a clinician or 
scientist who is considered to be an au- 
thority in his or her field. 





é 


‘. . . provides numerous exhaus- 
tive but succinct reviews of neuro- 
ophthalmologic topics.” 


The book is divided into six subjects. 
Part 1 describes the visual sensory sys- 
tem, from diseases of the optic nerve to 
disorders of higher visual sensory func- 
tion. Emphasis has been placed on optic 
neuritis and its differential diagnosis, 
tumors of the optic nerve, and diseases 
ofthe optic chiasm. The chapter on high- 
er visual function, which includes a dis- 
cussion of alexia, color anomia, proso- 
pagnosia, and visual agnosias, is well 
organized and informative; however, in 
another chapter, an excellent review of 
anterior ischemic optic neuropathy is 
misplaced in a section on papilledema. 

Part 2 covers the ocular motor sys- 
tem. This is a diverse section with chap- 
ters ranging from clinically oriented re- 
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views of eyelid function and nonmyas- 
thenic ophthalmoparesis to a detailed 
anatomic and physiologic discussion of 
nystagmus and the neural control of eye 
movements. 

Parts 3 and 4 are short, one-chapter 
sections describing the latest informa- 
tion on the pupil and the orbit, respec- 
tively. The discussion on the pupil is 
written in a succinct and informative 
style. Afferent and autonomic pupillary 
dysfunction are reviewed. Discussion of 
orbital disease is limited to applications 
of magnetic resonance imaging and 
dysthyroid orbitopathy. The review of 
orbital diseases is weak. Readers may 
want to refer to another text on this 
subject. 

Part 5 provides chapters about ocular 
manifestations of various neurologic 
diseases. Included in this section are 
excellent reviews of myasthenia gravis, 
stroke, and migraine. This section is 
valuable to the ophthalmologist who 
may not have been exposed to these 
topics. 

Diagnostic techniques, including 
automated perimetry, electrophysio- 
logic tests, and neuroimaging are dis- 
cussed in part 6. The last chapter ex- 
plains the relative value of computed 
tomography and magnetic resonance in 
neuro-ophthalmologic disease. Al- 
though the chapter is well-written, the 
reader must realize that neuroimaging 
is evolving so rapidly that review books 
such as this cannot include up-to-date 
techniques. Thus, detailed medical ad- 
vances for magnetic resonance imaging, 
such as the use of paramagnetic sub- 
stances as enhancing agents, fat sup- 
pression and similar techniques, and 
magnetic resonance angiography are 
not discussed. 

The major weaknesses of this book 
are those inherent in any work that at- 
tempts a timely analysis of a large, rap- 
idly evolving field of medicine. By publi- 
cation (not to mention review), some 
materials in the book are already out- 
dated. Subsequent biennial volumes 
should alleviate this problem to some 
extent. In the meantime, this first vol- 
ume provides numerous exhaustive but 
succinct reviews of neuro-ophthalmo- 
logic topics. Current Neuro-Ophthal- 


Book Reviews 


mology will be most useful to ophthal- 
mologists, neurologists, and neuro- 
ophthalmologists who are beginning 
their review of a particular area of 
interest. 


KARL C. GOLNIK, MD 
NEIL R. MILLER, MD 
Baltimore, Md 


Ocular Toxicology, edited by Sidney Ler- 
man and Ramesh C. Tripathi, 420 pp with 
illus, New York, NY, Marcel Dekker Inc, 1990, 
$99.75. 


Toxicology tends to be excellent bed- 
time reading for the insomniac, but this 
book, a record of the proceedings of the 
First Congress of the International So- 
ciety of Ocular Toxicology, held June 7, 
1988, proves otherwise. Exceptional in 
its diversity, the material in this book 
was originally published as Lens and 
Eye Toxicity Research in 1989. 


“ 


. an excellent, if somewhat 
scattered, overview of current 
thought in ocular toxicology.” 


The book is organized into seven sec- 
tions: “Test Models,” “Cornea,” “Ante- 
rior Chamber,” “Lens,” “Retina,” “Pho- 
totoxicity,” and “Side Effects of Drugs 
and Physical Agents.” There is an addi- 
tional section entitled “Addendum to 
Section 5 [Retina].” One wonders why 
this single chapter did not simply follow 
its abstract, which was included in the 
“Retina” section. The chapters follow a 
variety of formats and styles, with some 
providing brief overviews of the au- 
thors’ work and the majority of others 
offering detailed explications of the ex- 
periments performed. A variety of 
typefaces are used, but this is a minor 
distraction. 

The first section, “Test Models,” con- 
tains a single chapter in which Sidney 
Lerman examines various means of 
testing for drug side effects. The chap- 
ter is informative and well written, but 
fails to discuss in vitro alternatives to 
animal testing (a goal set forth in the 
book’s introduction). The book then dis- 
cusses the toxicities of various agents on 
the cornea, anterior segment, lens, and 
retina. This is followed by discussions of 
phototoxicity and miscellaneous drug 
effects. While the phototoxicity chap- 
ters (one on corneal endothelium and 
two on lens) could have been incorpo- 
rated into their respective anatomic 
sections, the chapters on side effects 
discuss drug toxicities related to multi- 
ple ocular structures, and so deserve a 
separate section. 
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Many of the chapters are informative 
and well written, and convey a great 
deal of useful information. Specific ex- 
amples, in addition to Lerman’s “Test 
Models” chapter, include the discussion 
by Lazarus et al on “An Jn Vitro Method 
Which Assesses Corneal Epithelial 
Toxicity”; the presentation by Recasens 
et al of “The Effects of Endotoxin, Glu- 
cocorticoids and Prostaglandin Metabo- 
lism in the Rabbit Iris”; the work of 
Tripathi et al on “Epinephrine-Induced 
Toxicity of Human Trabecular Cells Jn 
Vitro”; the article by Menon et al re- 
garding “Phototoxic Effects of 8-Meth- 
oxypsoralen on Rabbit Corneal Endo- 
thelium”; and the chapter by Kitagawa 
et al on “Intraocular Penetration of 
Topically Administered Acyclovir.” 

There are many interesting and tre- 
mendously diverse presentations in this 
compilation. While not entirely real- 
ized, the foreword’s two main themes, 
to provide in vitro models for the inves- 
tigation of toxicologic questions and to 
furnish morphologic correlations for 
biochemical and biophysical parame- 
ters, are laudable and valiantly ap- 
proached. Perhaps the book’s very 
strength is its only major weakness: 
there is little uniformity to the chapters, 
which are, at times, uneven in content 
and quality. Overall, however, this 
work provides an excellent, if some- 
what scattered, overview of current 
thought in ocular toxicology. 

JOELS. SCHUMAN, MD 
Boston, Mass 


Myopia Surgery: Anterior and Posterior 
Segment, edited by Frank B. Thompson, 338 
pp with illus, New York, NY, Macmillan Pub- 
lishing Co Inc, 1990, $95. 


This book attempts to bring together 
under one cover the many new and ex- 
citing techniques that have been devel- 
oped to help myopes. As alluded to in 
the foreword by Dr Thompson, the an- 
terior segment specialist does not usual- 
ly deal with posterior segment disease, 
and vice versa. However, since myopia 
afflicts both segments of the eye, Dr 
Thompson has assembled a well-written 
work that encompasses and emphasizes 
surgical methods employed in both the 
anterior and posterior segments of the 
myopic patient. 

“|, . an excellent introduction to 
the surgical treatment of high my- 
opes....” 


Myopia Surgery is divided into three 
sections. The first section, devoted to 
the pathophysiology of refractive and 


axial myopia, attempts to summarize 
the physician’s current understanding 
of the many physiologic factors that may 
cause myopia. However, since this book 
is designed for the surgeon and clini- 
cian, this section is notably less compre- 
hensive than the other two. In particu- 
lay, little mention is made of possible 
biochemical and genetic factors that 
may play a role in myopia. 

The second section of this book covers 
anterior segment surgical techniques 
that are used in the treatment of myo- 
pia. This section contains chapters that 
discuss refractive surgery, including ra- 
dial keratotomy, epikeratophakia, ker- 
atomileusis, and clear lens extraction. 
Each chapter in this section covers the 
history, patient selection, surgical 
method, results, and complications of a 
particular surgical technique. These 
chapters are well organized, easily un- 
derstood, and informative. 

The last section of the book describes 
the posterior segment of the myopic 
eye. Pars plana vitrectomy is discussed 
only in an abbreviated fashion. The di- 
agnosis and treatment of retinal tears 
and detachments are addressed from 
both the scleral buckling and pars plana 
vitrectomy perspective. Two chapters 
are devoted to scleral reinforcement 
surgery for the treatment of progres- 
sive posterior staphylomas. 

I found Myopia Surgery particularly 
useful in its discussion of two of the less 
publicized surgical treatments for high 
myopes, namely, clear lens extraction 
and scleral reinforeement. Neumann 
and McCarty’s chapter on clear lens ex- 
traction for the treatment of myopia is 
enlightening, but certainly controver- 
sial. I believe that the discussion of the 
risk of retinal detachment following 
neodymium-YAG posterior capsulo- 
tomy may not be fully addressed. The 
chapters on scleral reinforcement from 
both the American and Japanese per- 
spectives are both informative and in- 
triguing. Certainly, these chapters 
highlight the physician’s need for fur- 
ther studies in the treatment of posteri- 
or staphylomas. 

The strengths of this book include its 
readability, organization, and hand- 
some color and black-and-white illustra- 
tions by Hengst. This book is neither a 
definitive text on the subject nor is it 
intended to be one. Its treatment of sur- 
gical techniques may not be detailed 
enough for most surgeons. However, 
Myopic Surgery, is an excellent intro- 
duction to the surgical treatment of high 
myopes, and makes for provocative 
reading. 


THOMAS G. CHU, MD, PHD 
Los Angeles, Calif 
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Questions and Answers 
Edited by Stewart MacKay Wolff, MD 


The rapid and complex advances in ophthalmic science make it difficult to keep up with the many changes 
that are occurring in our specialty. The ARCHIVES solicits your questions and requests that they be clearly 
stated and reasonably focused. We cannot expect our consultants to respond to questions that are too wide 
ranging and not clearly defined. Please limit your questions to five or six double-spaced lines and follow the 
guidelines put forth in our “Instructions for Authors” (see Table of Contents for issue information). A signed 
copyright transmittal letter to the AMA should accompany all submissions. We have asked our referees to 
limit their answers to 35 lines. Questions should be sent to Stewart M. Wolff, MD, 11 E Chase St, Baltimore, 
MD 21202. We will do our best to provide answers to all appropriate questions. 


Is the Phacoemulsification Learning Curve Too Steep? 


Q In learning phacoemulsification, is the learning curve un- 
acceptably steep? 


A In our Department of Ophthalmology at the University 
of Utah, our first year residents begin phacoemulsifica- 
tion after microsurgical laboratory experience. The hallmark 
for success includes initiating the residents to carefully select- 
ed cases with neither too hard nor too soft nuclei and widely 
dilated pupils. We provide hands-on supervision, and there is 
no reluctance to take over the case if problems appear. More 
difficult cases are added only as expertise is achieved by the 
resident surgeon. With such an approach, the net results have 
been excellent and our residents select phacoemulsification 
for more than 95% of the cataract cases. As long as appropri- 
ate cases are selected and immediate supervision is available 
and ready to take over the case at the first sign of problems, 
the learning curve need not be steep and complications can be 
avoided. 
RANDALLJ. OLSON, MD 
Salt Lake City, Utah 





Botulinum Toxin Type A Injection 
in the Treatment of Strabismus 





When considering Oculinum (botulinum toxin type A) in- 
Q jection for the treatment of strabismus, can the surgeon 
anticipate different results in patients who have had previous 
strabismus surgery? 


A Inalarge multi-investigator study of 531 adult patients’ 
and another multi-investigator study of 362 children,” 
investigators were instructed to avoid patients who had mo- 
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tility restrictions from scarring or from previous excessive 
recession of the antagonist. With these patients removed, the 
rate of success from botulinum toxin injection in patients who 
had previously received strabismus surgery did not differ 
from the success rate in patients who had not had prior 
surgery. Botulinum toxin injection for such residual strabis- 
mus deviations is one of the most useful applications of the 
technique.’ However, in treatment of overcorrections when 
previous recession has weakened a medial rectus muscle ex- 
tensively, injection of botulinum toxin into the lateral rectus 
to repair the overcorrected strabismus will produce disap- 
pointing results. This is because the success of the injection 
relies on contracture and shortening of the antagonist muscle; 
the previously recessed and already shortened medial rectus 
cannot retract further to take up the slack following lateral 
rectus injection. Also, to treat an undercorrection with injec- 
tion of a previously recessed muscle requires deeper needle 
penetration into the orbit and penetration of scar tissue to 
contact the target muscle. The complications of hemorrhage, 
scleral perforation, and secondary overflow effects of the 
drug from the target muscle to adjacent muscles (creating 
vertical strabismus and ptosis) are then more common. 

ALAN B. Scott, MD 

San Francisco, Calif 


Dr Scott is currently a consultant to Allergan Pharmaceuticals, Irvine, Calif, 
concerning botulinum toxin manufacturing. 


1. Scott AB. Botulinum toxin treatment of strabismus and blepharospasm: a 
multiple investigator study. In: Campos E, ed. Proceedings of the Fifth Meet- 
ing of the International Strabismological Association. Modena, Italy: Athena 
Scientific Distributors; 1986:483-485. 

2. Scott AB, Magoon EH, MecNeer KW, Stager DR. Botulinum treatment of 
childhood strabismus. Ophthalmology. 1990;97:1434-1438. 

3. McNeer KW. An investigation of the clinical use of botulinum A toxin as a 
postoperative adjustment procedure in the therapy of strabismus. J Pediatr 
Ophthalmol Strabismus. 1990;27:3-9. 





Questions and Answers 


News and Comment 





Robert W. Snyder, MD, PhD 


Robert W. Snyder, MD, PhD, 
Named Head of Department of Oph- 
thalmology at the University of Arizo- 
na.— Robert W. Snyder, MD, PhD, has 
been appointed head of the Department 
of Ophthalmology at the University of 
Arizona, Tucson. Dr Snyder had been 
acting head since July 1989. He com- 
pleted his residency and fellowship 
training in cornea and external disease 
at the Medical College of Wisconsin. 
Three new faculty members will be join- 
ing Dr Snyder in the department of oph- 
thalmology: Theresa Kramer, MD; Jo- 
seph Miller, MD; and Millicent 
Palmer, MD. Dr Kramer completed 
her fellowship in ocular pathology at 
Emory University, Atlanta, Ga; Dr 
Miller received his fellowship in pediat- 
ric ophthalmology from the Wilmer Eye 
Institute, Baltimore, Md; and Dr Palm- 
er did her fellowship in cornea and ex- 
ternal disease at the Medical College of 
Wisconsin. 


St Luke’s Cataract and Laser Insti- 
tute Appoints Dana M. Deupree, MD, 
Staff Physician.—Dana M. Deupree, 
MD, has been named staff physician at 
St Luke’s Cataract and Laser Institute 
in Tarpon Springs, Fla. Dr Deupree is 
St Luke's first full-time ophthalmolo- 
gist specializing in diseases of the vitre- 
ous and retina, according to James P. 
Gills, MD, the institute's founder and 
director. Prior to joining St Luke’s, Dr 
Deupree completed a fellowship in vi- 
treoretinal surgery at Tulane Medical 
Center in New Orleans, La. 
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Dana M. Deupree, MD 


Jemshed A. Khan, MD, Promoted to 
Associate Professor.—Jemshed A. 
Khan, MD, has been promoted to asso- 
ciate professor with tenure by the 
Board of Regents of the University of 
Kansas in Kansas City. Dr Khan is di- 
rector of ophthalmic plastic and recon- 
structive surgery at the University of 
Kansas Medical Center in the Depart- 
ment of Ophthalmology. He joined the 
staff of the Kansas Eye Center in 1987 
after finishing a fellowship in oculoplas- 
tic and orbital surgery at the Massachu- 
setts Eye and Ear Infirmary in Boston. 


King To, MD, Joins Faculty at 
Rhode Island Hospital.—King To, 
MD, has been appointed director of 
medical education in the Department of 
Ophthalmology and director of Ophthal- 
mic Pathology in the Department of Pa- 
thology at Rhode Island Hospital, 
Brown University School of Medicine in 
Providence. Dr To is a graduate of the 7- 
year medical program at Brown Uni- 
versity. He completed his residency at 
Lenox Hill Hospital in New York and 
his fellowship in Ophthalmic Oncology 
and Pathology with Frederick Jako- 
biec, MD, at the Massachusetts Eye 
and Ear Infirmary, Harvard Medical 
School in Boston. 


Dallas Academy of Ophthalmology 
Elects Officers for 1991-1992.—The 
Dallas Academy of Ophthalmology has 
announced its new executive officers for 
1991-1992. They are: Craig D. Smith, 
MD, president; William H. Hutton, 
MD, vice-president and public educa- 


Jemshed A. Khan, MD 


tion chairman; Thomas P. Hawk, MD, 
secretary-treasurer; and Rand Spen- 
cer, MD, program chairman. 


Morton E. Smith Promoted. — Mor- 
ton E. Smith, MD, professor of oph- 
thalmology and pathology, has been 
promoted to associate dean for post- 
graduate education at Washington Uni- 
versity School of Medicine, St Louis, 
Mo. He has been on the faculty there 
since 1965. In addition to his new duties 
as associate dean, Dr Smith will contin- 
ue as director of ophthalmic pathology 
and course director in ophthalmology 
for medical students. 


Publication Available.—The book 
An Ophthalmologist Looks at Art, by 
Arthur Linksz, has been republished. 
Information on how to receive a copy of 
this book may be obtained by writing to 
The Smith-Kettlewell Eye Research In- 
stitute, 2232 Webster St, San Francis- 
co, CA 94115. 


Lions Club International’s Sight- 
First Projects Wage War Against 
Blindness. — SightFirst, Lions Club In- 
ternational’s $130 million initiative to 
rid the world of preventable and revers- 
ible blindness is currently organizing 
three projects to provide vision care and 
treatment worldwide. The Lions Sight- 
First Eyeglass Recycling Program will 
establish two computerized recycling 
centers (in California and Indiana) to 
collect, process, and ship 1 million pairs 
of eyeglasses to people in several coun- 
tries; SightFirst Zones are being creat- 
ed in eight Latin American countries to 
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treat cataract; and a Lions SightFirst 
Training Center will be established at 
the Aravind Eye Hospital in Madurai, 
India, to train ophthalmologists, 
nurses, technicians, and program man- 
agers in the nonclinical and manage- 
ment spheres of community eye care 
programs. 


Illinois Society for the Prevention 
of Blindness Celebrates 75th Anniver- 
sary. — The Illinois Society for the Pre- 
vention of Blindess celebrated its 75 


years of service to the residents of Illi- 
nois with a luncheon and symposium on 
September 26, 1991. Morton F. Gold- 
berg, MD, director of The Wilmer Oph- 
thalmological Institute at The Johns 
Hopkins Medical Institutions in Balti- 
more, Md, and editor of the ARCHIVES, 
received the Derrick Vail Award for his 
contributions to ophthalmology. Creat- 
ed in 1976, the Vail Award is given ap- 
proximately every 5 years. The three 
former recipients were David G. Co- 
gan, MD, Bethesda, Md; Arnall Patz, 


MD, Baltimore; and Edward W. D. 
Norton, MD, Miami, Fla. Dr Goldberg 
was formerly head, Department of Oph- 
thalmology, University of Illinois Col- 
lege of Medicine at Chicago for 18 years. 
In addition, Mrs Paul Sternberg of 
Glencoe, Ill, and past president of the 
organization, received a Lifetime 
‘Achievement Award for more than 25 
years of volunteer service to the Illinois 
Society for the Prevention of Blindness. 





Obituaries 


Philip Knapp, MD, 1916-1991 


Philip Knapp, MD, third-generation 
ophthalmologist, grandson of Herman 
Knapp, founder and first editor of the 
ARCHIVES of Ophthalmology from 1869 
to 1910, and son of Arnold Knapp, editor 
of the ARCHIVES from 1911 to 1948, died 
of cancer at age 75 years on September 
1, 1991. Phil was Professor Emeritus of 
Ophthalmology at Columbia Presby- 
terian Medical Center, New York, NY, 
and practiced at the E. S. Harkness Eye 
Institute through June 1991. 

Phil grew up behind the Stork Club in 
New York. He graduated from Harvard 
College in 1937 and Columbia College of 
Physicians and Surgeons in 1941. Fol- 
lowing service in the US Navy, he took a 
residency at the University of Iowa and 
a Heed Fellowship with Kenneth Swan, 
MD, in Oregon. He joined the staff at 
the Harkness Institute in 1951, where 
he practiced until shortly before his 
death. Phil was one of the foremost stra- 


Philip Knapp, MD 
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bismologists of his time. He founded the 
Children’s Eye Cinic at the Harkness 
Institute, served thousands of grateful 
patients, and taught hundreds of grate- 
ful residents, fellows, and colleagues. 
He was an innovator, developing sever- 
al surgical procedures. One he was 
known for in particular, the transposi- 
tion of medial and lateral rectus muscles 
to augment a double elevator palsy, is 
known as the Knapp Procedure. He, of 
course, accumulated numerous honors 
and awards and was internationally re- 
spected for his direct, honest, and 
straightforward opinions. He was an 
expert’s expert. 

Phil had many close friends in oph- 
thalmology who enjoyed his wit, his 
phenomenal memory, and his absolute, 
direct, and occasionally painful honesty. 
He spoke directly to issues, leaving no 
doubt as to his position. Even as I write 
this, I can hear him say, “Wait a while 
now...” and he would proceed to give 
the exact definition or detail. He was 
always a gentleman, particularly when 
talking with women, patients, or their 
parents. He had a lifelong dedication to 
the physician-patient relationship that 
refused to be short-circuited by chang- 
ing times, circumstances, or frustra- 
tions. He was certainly true to Herman 
Knapp’s credo quoted at the front of this 
journal. 

All of Phil’s friends have special mem- 
ories of his unique humor and manner- 
isms. Stanley Truhlsen, MD, Edward 
Dunlop, MD, Arthur Jampolsky, MD, 
and Eugene Helveston, MD, to name a 
few, and all of the staff who knew him at 
Columbia have their stories. Ask us 
about him for an insight into a very spe- 
cial man. 

Of the many who add luminance to 
ophthalmology and whose passing dims 
it, none will be missed more than Philip 
Knapp. 

D. Jackson Coteman, MD 
New York, NY 


Arch Ophthalmol—Vol 109, November 1991 


CHAFLIN, Alan I., 50, Long Beach, 
NY; University of Basel, 1967; residen- 
cy, Kings County Hospital Center, 
1972; certified by the American Board of 
Ophthalmology; died January 15, 1991. 


FETHKE, Norbert, 85, Duesseldorf, 
Germany; University of Pierre and Ma- 
rie Curie (Paris VI), 1938; certified by 
the American Board of Ophthalmology; 
died August 10, 1990. 


FINLEY, Ralph M., Jr, 70, Leunville, 
La; Louisiana State University School 
of Medicine in New Orleans, 1945; certi- 
fied by the American Board of Ophthal- 
mology; died, March 2, 1991. 


FOX, Francis Harry, III, 80, Twin 
Falls, Idaho; Northwestern University 
Medical School, 1936; residency, Chari- 
ty Hospital of Louisiana—Louisiana 
State University, 1955; certified by the 
American Board of Ophthalmology; 
died April 25, 1990. 


FRANK, Herman Weil, 86, Gadsden, 
Ala; Tulane University Medical School, 
1927; certified by the American Board of 
Ophthalmology; died February 3, 1991. 


GRIFFEY, Walter Plummer, 87, Bu- 
chanan, Tenn; Vanderbilt University 
School of Medicine, 1928; certified by 
the American Board of Ophthalmology; 
died April 22, 1991. 


HOLZBERGER, Robert J., 82, Green 
Valley, Ariz; Northwestern University 
Medical School, 1933; died October 17, 
1989. 


KLEIN, Harvey Zola, 60, Flossmoor, 
Ill; State University of New York at 
Buffalo, School of Medicine and Bio- 
medical Science, 1957; residency, Uni- 
versity of Chicago Medical Center, 
1966; certified by the American Board of 
Ophthalmology; died July 11, 1991. 
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Just Published! 


COLOR ATLAS/ TEXT OF 
OPHTHALMIC PARASITOLOGY 





Dedicated 
to Paul Beaver, 
Ph.D., Sc.D. (Hon.) 


The movement of hundreds of thou- 
sands of people from one part of the 
world to another each year necessar- 
ily involves every physician in the 
practice of global medicine. This 
means that today's ophthalmologist 
is forced to include in his differential 
diagnosis the exotic virus, bacterium 
or parasite. 


The main purpose of this unique 
work--the only one of its kind in 
English--is to assist the ophthalmolo- 
gist (when he includes a parasite in 


B. H. Kean, M.D. 
Clinical Professor (Emeritus) of Tropical Medicine and Public Health, Cor- 
nell University Medical College and Attending Physician, The New York 
Hospital, New York, NY 


Tsieh Sun, M.D. 

Chief, Division of Clinical Pathology, Department of Laboratories, North 
Shore University Hospital--Cornell University Medical College, Manhasset, 
NY and Professor of Clinical Pathology, Department of Pathology, Cornell 
University Medical College, New York, NY 


Robert M. Ellsworth, M.D. 
Professor of Ophthalmology, Cornell University Medical College and 
Attending Physician, The New York Hospital, New York, NY 


Contents: Abbreviations, Bibliography, Ophthalmic Glossary, General Introduction, 
Anatomy and Physiology of the Eye Part |: Diseases Caused by Protozoa: Tox- 
oplasmosis, Terramebiasis, Entamebiasis, Malaria and Babesiosis, Giardiasis, 
Leishmaniasis, African Trypanosomiasis, American Trypanosomiasis, Pneumocys- 
tosis, Microsporidiosis Part Il: Diseases Caused by Nematodes: Toxocariasis, 


Ascariasis, and Baylisascariasis, Onchocerciasis, Loiasis, Dirofilariasis, Bancrotian 
and Brugian Filariasis, Dracunculiasis, Thelaziasis, Gnathostomiasis, Angiostron- 
gyliasis, Trichinosis Part Ill: Diseases Caused by Cestodes: Cysticercosis, 
Echinococcosis, Coenurosis, Sparganosis Part IV: Diseases Caused by Trema- 
todes: Schistosomiasis, Paragonimiasis Part V: Diseases Caused by Arthro- 


pods: Ophthalmomyiasis Index 


the differential diagnosis) to reach 
for the appropriate illustration and 
relevant text to facilitate exact diag- 
nosis and treatment. 


Featuring 220 full-color illustrations 
in a large 8 1/2 by 11 inch format, 
this definitive reference, covering 26 
parasitic disorders, will fill a true 
void in the literature. As a measure 
of the currentness of the new Atlas, 
it should be noted that many of the 
references are dated 1989 and 1990, 
and that it includes subjects that 


were unknown only a few years ago. 


Written by leading authorities in the 
field, this extensively illustrated full- 
color atlas is a crucial resource for 
the ophthalmologist. Use our con- 
venient order form to obtain your 
copy of this invaluable diagnostic 
and therapeutic aid. 


1991, 248 pages, 276 illustrations-- 
220 in full-color, 12 tables, ISBN: 
0-89640-193-6, LC: 90-5173, $110.00 
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What trends exist 
among medical groups today? 


Available now... Medical Groups in the U.S.—A Survey of Practice 





Œ 199 Medical Groups Characteristics 1990 Edition is the ideal reference for anyone interested in 
Edjtion D . . . . 
i A Survey of current trends or involved with planning for the ongoing success of an 
us, Characteriedlos:: » | existing group. 


Medical Groups in the U.S. is the only source of comprehensive information 
on medical groups. It summarizes and analyzes the latest survey data and 
census information for more than 16,000 medical groups throughout the 
country. 


Backed by the authority of the AMA 
The data you'll find in this reference is derived from the AMA Masterfile, 
the only database maintained on all U.S. physicians. 





























Some specific areas of information addressed in the book: 





e number of groups e managed care impact 
Medical Groups e group size e hospital relationships 
in the U.S.— e specialty composition e medical facilities 
vs e geographic distribution e business equipment 
A Survey of e organizational characteristics 
Practice Here’s how you can order your copy now! 
Characteristics Order this latest version of Medical Groups in the U.S.—A Survey of 


Practice Characteristics 1990 Edition. Order Number OP 390390. 
AMA Member $60, Non-member $90. Call 1-800-621-8335 and charge 
payment to your MasterCard or Visa. 
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BSS PLUS* 
(Balanced Salt Solution Enriched with 
Bicarbonate, Dextrose and Glutathione) 
Sterile Intraocular Irrigating Solution 


DESCRIPTION: BSS PLUS*® is a sterile intraocular irrigating solu- 
tion for use during all intraocular surgical procedures, even those 
requiring a relatively long intraocular perfusion time (e.g., pars 
plana vitrectomy, phacoemulsification, extracapsular cataract ex- 
traction/lens aspiration, anterior segment reconstruction, etc) 


The solution does not contain a preservative and should be pre- 
pared just prior to use in surgery 


Part |: A sterile 480 mL solution in a 500 mL single-dose bottle to 
which the Part Il concentrate is added. Each mL of Part | contains: 
Sodium Chloride 7.44 mg, Potassium Chloride 0.395 mg, Dibasic 
Sodium Phosphate 0.433 mg, Sodium Bicarbonate 2.19 mg, Hydro- 
chloric Acid and/or Sodium Hydroxide (to adjust pH), in Water for 
Injection. DM-00 

Part Il: A sterile concentrate in a 20 mL single-dose vial for addition 
to Part |. Each mL of Part Il contains: Calcium Chloride Dihydrate 
3.85 mg, Magnesium Chloride Hexahydrate 5 mg, Dextrose 23 mg, 
Glutathione Disulfide (Oxidized Glutathione) 4.6 mg, in Water for 
Injection. DM-00 


After addition of BSS PLUS Part II to the Part | bottle, each mL of 
reconstituted product contains: Sodium Chloride 7.14 mg, Po- 
tassium Chloride 0.38 mg, Calcium Chloride Dihydrate 0.154 mg, 
Magnesium Chloride Hexahydrate 0.2 mg, Dibasic Sodium Phos- 
phate 0.42 mg, Sodium Bicarbonate 2.1 mg, Dextrose 0.92 mg, 
Glutathione Disulfide (Oxidized Glutathione) 0.184 mg, Hydro- 
chloric Acid and/or Sodium Hydroxide (to adjust pH), in Water for 
Injection. 


The reconstituted product has a pH of approximately 7.4. Osmo- 
lality is approximately 305 mOsm 


CONTRAINDICATIONS: There are no specific contraindications to 
the use of BSS PLUS, however, contraindications for the surgical 
procedure during which BSS PLUS is to be used should be strictly 
adhered to 


WARNINGS: For IRRIGATION during ophthalmic surgery only, BSS 
PLUS is NOT for injection or intravenous infusion 


PRECAUTIONS: DO NOT USE BSS PLUS UNTIL RECON 
STITUTED. Do not use Part | if it does not contain a vacuum. Do not 
use additives other than Part II. Do not use if Part |, Part Il or the 
reconstituted solution is discolored or contains a precipitate. SINCE 
BSS PLUS IS INTENDED FOR INTRAOCULAR IRRIGATION, IT 
DOES NOT CONTAIN A PRESERVATIVE AND, THEREFORE, 
SHOULD NOT BE USED FOR MORE THAN ONE PATIENT. DIS- 
CARD ANY UNUSED SOLUTION SIX HOURS AFTER PREPARA- 
TION. Studies suggest that intraocular irrigating solutions which 
are iso-osmotic with normal aqueous fluids should be used with 
caution in diabetic patients undergoing vitrectomy since intra- 
operative lens changes have been observed 


There have been reports of corneal clouding or edema following 
ocular surgery in which BSS PLUS was used as an irrigating solu- 
tion. As in all surgical procedures, appropriate measures should be 
taken to minimize trauma to the cornea and other ocular tissues 


ADVERSE REACTIONS: Postoperative inflammatory reactions as 
well as incidents of corneal edema and corneal decompensation 
have been reported. Their relationship to the use of BSS PLUS has 
not been established 


OVERDOSAGE: The solution has no pharmacological action and 
thus has no potential for overdosage. However, as with any intra- 
ocular surgical procedure, the duration of intraocular manipulation 
should be kept to a minimum. 


U.S. Patent Nos. 4,443,432 and 4,550,022 
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The answer toa 
time-consuming task 


Credentials Verification — It's important to both 
physicians and those evaluating them. Now 
available in your area, the National Physician 
Credentials Verification Service, AMA/NCVS"™ 
can make the process easier and better. 


Here’s how 

For physicians: The AMA/NCVS sets up and 
maintains a permanent portfolio of verified 
information that can be used as the physician applies 
for licensure or privileges. The physician no longer 
needs to start from scratch each time an application 
is made. 


For hospitals/boards: The AMA/NCVS provides a 
summary report of core credentials that have been 
verified with primary sources. And for the core 
credentials it collects, the AMA/NCVS satisfies 
current standards defined in the Joint Commission 
Accreditation Manual for Hospitals for primary 
source verification. The credentials verifier no longer 
needs to reverify all information. 


The result 

It's called a win-win situation and, best of all, it's 
operated by the most experienced provider of 
physician information: the American Medical 
Association. 


For information on the Service, contact your co- 
sponsoring Medical Society office or call the AMA 
at 1-800-677-NCVS. 


The AMA/NCVS — it means 
greater efficiency... quality assured. 
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RECENT ADVANCES IN THE MANAGEMENT OF 
AGE-RELATED MACULAR DEGENERATION: 
Guidelines from 1991 MPS Publications 


January 25, 1992 
Course Co-Directors: Neil M. Bressler, M.D. and Andrew P. Schachat, M.D. 














COURSE DESCRIPTION: 


The program is designed to review recently published information, predominantly from the Macular Photocoagula- 
tion Study, that will have an impact on the management of patients with age-related macular degeneration and 
subfoveal choroidal neovascularization, including recurrences that extend through the foveal center. Other topics 
will include results of studies evaluating red vs. green wavelengths for treatment of choroidal neovascularization, 
clinicopathologic correlates of interest to clinicians, as well as an update on surgery, cellular biology and low 
vision in the management of age-related macular degeneration. 





The course will be appropriate for both general ophthalmologists, who will be updated on what cases should 
be referred for treatment, as well as retinal specialists who should gain an in-depth knowledge of how to treat 
choroidal neovascularization secondary to age-related macular degeneration which occupies the foveal center, 
and for which no previous treatment benefit had been definitively justified prior to this year. Cases that highlight 
the major topics of discussion will be presented for discussion by the faculty with audience participation. 








TOPICS: 


e Guidelines for Angiographic Evaluation 

e Treatment of Subfoveal Neovascular Lesions 

èe Prevention and Treatment of Recurrent 
Choroidal Neovascularization 

¢ Treatment of Pigment Epithelial Detachments 


Green Versus Red Laser: Does It Matter? 
“Over” and “Under” Treatment 
Clinicopathologic Correlation of Treatment 
Update on Low Vision in AMD 

Role of Surgery and Cellular Biology in AMD 



























GUEST FACULTY: 


Lawrence A. Yannuzzi, M.D. Stuart L. Fine, M.D. 
New York, New York Philadelphia, Pennsylvania 





WILMER INSTITUTE FACULTY: 


Judith Alexander, B.A. Daniel Finkelstein, M.D. Julia A. Haller, M.D. 
Susan B. Bressler, M.D. Morton F. Goldberg, M.D. Barbara S. Hawkins, M.S. 
Peter A. Campochiaro, M.D. W. Richard Green, M.D. Maureen G. Maguire, Ph.D. 


ae 








LOCATION: CONTINUING EDUCATION CREDIT: 





Thomas B. Turner Building 8 AMA Category 1 

Johns Hopkins Medical Institutions 

Baltimore, Maryland FOR FURTHER INFORMATION: 
FEES: Office of Continuing Education 


Johns Hopkins Medical Institutions 
$200 Turner 20, 720 Rutland Avenue 
$100 (residents and fellows Baltimore, Maryland 21205-2195 
with letter verifying status) (301) 955-2959 
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e Alcon e Ciba-Vision 





e Allergan e Wesley-Jessen 

e Jolab e Alcon 

e Barnes-Hind e Bausch & Lomb 

e Akorn Generics e Barnes-Hind 

e Fougera Ointments e Allergan 

e Bausch & Lomb Pharm. e Blairex 

INJECTABLES | 

e Lidocaine e B-D 
e Fluorescein e Abbott Infusion Sets 
e Antibiotics e Ethicon Sutures 





e Tapes e Eye Shields 


e Eye Pads e Alcohol Pads 
e Cotton-Tipped Applicators e Latex Gloves 


e Scapels/Blades 


CALL For COMPLETE CATALOG 
e No Minimums 
e 48 Hour Service 
e Competitive Pricing 


1-800-548-0006 1-800-822-0072 
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THE RELIEF OF 
OCULAR INFLAMMATION 
AND ACCOMPANYING INFECTION 
CAN BE SUMMED UP IN ONE WORD. 








EYE To EYE, YOUR BEST COMBINATION 
TOBRADEX® (tobramycin 0.3% the most widely prescribed ocular 
and dexamethasone 0.1%) is the L antibiotic worldwide. Through 
combination you know and trust i bactericidal activity, this broad 
for relief of ocular inflammation i spectrum antibiotic destroys com- 
and accompanying infection. First, mon ocular pathogens. 
TOBRADEX offers dexametha- So next time you need an 
sone alcohol for decisive control anti-inflammatory and anti- 
of inflammation in the hospital infective combination, sum 
and in the office. Second, it it up in one word. Prescribe 
offers you all the advantages TOBRADEX. 

of TOBREX® (tobramycin 0.3%), 









PLEASE SEE BRIEF SUMMARY OF 
PRESCRIBING INFORMATION ON 
THE NEXT PAGE. 


| (obramyind 3% and dexamethasone 0.1%) Alcan 


STERILE OPHTHALMIC SUSPENSION/OINTMENT 










ALCON LABORATORIES INC 
FORT WORTH TEXAS 76134 


TobraDex’ 
fobramycin and Dexamethasone) 
erile Ophthalmic Suspension and Ointment 


DESCRIPTION: TOBRADEX® (Tobramycin* and Dexamethasone) Ophthalmic Suspension and Ointment are sterile, multiple dose antibiotic 
and steroid combinations for topical ophthalmic use. 
The chemical structures for tobramycin and dexamethasone are presented below: 
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Tobramycin Dexamethasone 

Empirical Formula: Ca Haz Ns Og Empirical Formula: Cz Hoo F Os 

Chemical Name: Chemical Name: 
0-3-Amino-3-deoxy-a-D-glucopyranosyl-(194)-0-[2,6-  9-Fluoro-11B,17,21-trihydroxy-16œ-methylpregna-1, 4- 

dia-mino-2,3,6-trideoxy-ce-D-ribo-hexopyranosyl-(196)]-  diene-3,20-dione 

2-de-oxy-L-streptamine 

Each mL of TOBRADEX® Suspension contains: Active: Tobramycin 0.3% (3 mg) and Dexamethasone 0.1% (1 mg). Preservative: Benzal- 

konium Chloride 0.01%. Inactive: Tyloxapol, Edetate Disodium, Sodium Chloride, Hydroxyethy! Cellulose, Sodium Sulfate, Sulfuric Acid 





and/or Sodium Hydroxide (to adjust pH) and Purified Water. DM-00 
Each gram ot TOBRADEX® Ointment contains: Active: Tobramycin 0.3% (3 mg) and Dexamethasone 0.1% (1 mg). Preservative: Chioro- 
butanol 0.5%. Inactive: Mineral Oil and White Petrolatum. DM-00 


CLINICAL PHARMACOLOGY: Corticoids suppress the inflammatory response to a variety of agents and they probably delay or slow healing. 
Since corticoids may inhibit the body's defense mechanism against infection, a concomitant antimicrobial drug may be used when this inhi- 
bition is considered to be clinically significant, Dexamethasone is a potent corticoid. 

The antibiotic component in the combination (tobramycin) is included to provide action against susceptible organisms. /n vitro studies have 
demonstrated that tobramycin is active against susceptible strains of the following microorganisms: 

Staphylococci, including S. aureus and S. epidermidis (coagulase-positive and coagulase-negative), including penicillin-resistant strains. 
Streptococci, including some of the Group A beta-hemolytic species, some nonhemolytic species, and some Streptococcus pneumoniae 
Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae, Enterobacter aerogenes, Proteus mirabilis, Morganella morganii, most 
Proteus vulgaris strains, Haemophilus influenzae and H. aegyptius, Moraxella lacunata, and Acinetobacter calcoaceticus (Herellea vagina- 
cola) and some Neisseria species. 

Bacterial susceptibility studies demonstrate that in some cases microorganisms resistant to gentamicin remain susceptible to tobramycin, 
A significant bacterial population resistant to tobramycin has not yet emerged; however, bacterial resistance may develop upon prolonged 
use. 

No data are available on the extent of systemic absorption trom TOBRADEX Ophthalmic Suspension or Ointment; however, it is known that 
some systemic absorption can occur with ocularly applied drugs. If the maximum dose of TOBRADEX Ophthalmic Suspension is given lor 
the first 48 hours (two drops in each eye every 2 hours) and complete systemic absorption occurs, which is highly unlikely, the daily dose 
of dexamethasone would be 2.4 mg. The usual physiologic replacement dose is 0.75 mg daily. If TOBRADEX Ophthalmic Suspension is 
given after the first 48 hours as two crops in each eye every 4 hours, the administered dose of dexamethasone would be 1.2 mg daily. The 
administered dose for TOBRADEX Ophthalmic Ointment in both eyes four times daily would be 0.4 mg of dexamethasone daily. 
INDICATIONS AND USAGE: TOBRADEX Ophthalmic Suspension and Ointment are indicated for steroid-responsive inflammatory ocular 
conditions for which a corticosteroid is indicated and where superficial bacterial ocular infection or a risk of bacterial ocular infection exists. 
Ocular steroids are indicated in inflammatory conditions of the palpebral and bulbar conjunctiva, cornea and anterior segment of the glabe 
where the Inherent risk of steroid use in certain infective conjunctivitides is accepted to obtain a diminution in edema and inflammation. 
‘They are aiso indicated in chronic anterior uveitis and corneal injury from chemical, radiation or thermal burns, or penetration of foreign 
bodies. 

‘The use of a combination drug with an anti-infective component is indicated where the risk of superficial ocular infection is high or where 
there is an expectation that potentially dangerous numbers of bacteria will be present in the eye. 

‘The particular anti-intective drug in this product is active against the following common bacterial eye pathogens: 

Staphylococci, including S. aureus and S. epidermidis (coagulase-positive and coagulase-negative), including penicillin-resistant strains. 
Streptococci, including some of the Group A beta-hemolytic species, some nonhemolytic species, and some Streptococcus pneumoniae. 
Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae, Enterobacter aerogenes, Proteus mirabilis, Morganeila morganii, most 
Proteus vulgaris strains, Haemophilus influenzae and H. aegyptivs, Moraxella lacunata, and Acinetobacter calcoaceticus and some Neis- 
Seria species. 

CONTRAINDICATIONS: Epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, and many other viral diseases o! the cor- 
nea and conjunctiva. Mycobacterial infection of the eye. Fungal diseases of ocular structures. Hypersensitivity to a component of the 
medication 

‘The use of this combination is always contraindicated after uncomplicated removal of a corneal foreign body. 

WARNINGS: NOT FOR INJECTION INTO THE EYE. Sensitivity to topically applied aminoglycosides may occur in some patients. If a sensi- 
tivity reaction does occur, discontinue use 

Prolonged use of steroids may result in glaucoma, with damage to the optic nerve, defects in visual acuity and fields of vision, and posterior 
subcapsular cataract formation. Intraocular pressure should be routinely monitored even though it may be difficult in children and uncaop- 
erative patients. Prolonged use may suppress the host response and thus increase the hazard of secondary ocular infections, In those dis- 
eases causing thinning of the cornea or sclera, perforations have been known to occur with the use of topical steroids. In acute puruient 
conditions of the eye, steroids may mask infection or enhance existing infection. 

PRECAUTIONS: 

General. The possibility of fungal infections of the cornea should be considered after long-term steroid dosing. As with other antibiotic 
preparations, prolonged use may result in overgrowth of nonsusceptible organisms, including fungi. If superinfection occurs, appropnate 
therapy should be ipitiated. When multiple prescriptions are required, or whenever clinical judgement dictates, the patient should be exam- 
ined with the aid of magnification, such as slit lamp biomicroscopy and, where appropriate, fluorescein staining, 

Information for Patients: Do not touch dropper or tube tip to any surface as this may contaminate the contents. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. No studies have been conducted to evaluate the carcinogenic or mutagenic poten- 
tial. No impairment of fertility was noted in studies of subcutaneous tobramycin in rats at doses of 50 and 100 mg/kg/day. 

Pregnancy Category C. Corticosteroids have been found to be teratogenic in animal studies. Ocular administration of 0.1% dexamethasone 
resulted in 15.6% and 32.3% incidence of fetal anomalies in two groups of pregnant rabbits. Fetal growth retardation and increased mor- 
tality rates have been observed in rats with chronic dexamethasone therapy. Reproduction studies have been performed in rats and rabbits 
with tobramycin at doses up to 100 mg/kg/day parenterally and have revealed no evidence of impaired fertility or harm to the fetus. There 
are no adequate and well controlled studies in pregnant women. TOBRADEX® Ophthalmic Suspension and Ointment should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers. it is not known whether this drug is excreted in human milk. Because many drugs are excreted in human milk, a decision 
‘should be considered to discontinue nursing temporarily while using TOBRADEX Ophthalmic Suspension or Ointment 

Pediatric Use. Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Adverse reactions have occurred with steroid/anti-intective combination drugs which can be attributed to the steroid 
component, the anti-infective component, or the combination. Exact incidence figures are not available. The most frequent adverse reac- 
tions to topical ocular tobramycin (TOBREX®) are localized ocular toxicity and hypersensitivity, including lid itching and swelling, and con- 
junctival erythema. These reactions occur in less than 4% of patients, Similar reactions may occur with the topical use of other 
aminoglycoside antibiotics. Other adverse reactions have not been reported; however, if topical ocular tobramycin is administered concom- 
tantly with systemic aminoglycoside antibiotics, care should be taken to monitor the total serum concentration. The reactions due to the 
steroid component are: elevation of intraocular pressure (IOP) with possible development of glaucoma, and infrequent optic nerve damage; 
posterior subcapsular cataract formation; and delayed wound healing 

Secondary Infection. The development of secondary infection has occurred after use of combinations containing steroids and antimicro- 
bials. Fungal infections of the cornea are particularly prone to develop coincidentally with long-term applications of steroids. The possibility 
of fungal invasion must be considered in any persistent corneal ulceration where steroid treatment has been used. Secondary bacterial acu- 
lar infection following suppression of host responses also occurs. 

DOSAGE AND ADMINISTRATION: Suspension: One or two drops instilled into the conjunctival sac(s) every four to six hours. During the 
initial 24 to 48 hours, the dosage may be increased to one or two drops every two (2) hours. Frequency should be decreased gradually as 
warranted by improvement in clinical signs. Care should be taken not to discontinue therapy prematurely. Ointment: Apply a small amount 
(approximately % inch ribbon) into the conjunctival sac(s) up to three or four times daily. 

‘TOBRADEX Ophthalmic Ointment may be used at bedtime in conjunction with TOBRADEX Ophthalmic Suspension used during the day Not 
more than 20 mL or 8 g should be prescribed initially and the prescription should not be refilled without further evaluation as outlined in 
PRECAUTIONS above. 

HOW SUPPLIED: Sterile ophthalmic suspension in 2.5 mL (NOC 0065-0647-25) and 5 mL (NDC 0065-0647-05) DROP-TAINER® dispens- 
ers. Sterile ophthalmic ointment in 3.5 g ophthalmic tube (NDC 0065-0648-35). 

STORAGE: Store at 46° to 80°F (8° to 27°C) 

Store suspension upright and shake well before using. 

CAUTION: Federal (USA) law prohibits dispensing without prescription. 
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Editorial 


Is the Ophthalmologist as a 
Clinician-Scientist Still Viable? 


hen I was in medical school over 20 years ago, 

among the higher truths that I was taught was 
the belief in the importance and high priority of clini- 
cians’ active involvement in research activities. The 
nature of medical discovery was such that it often re- 
quired a physician-initiated research endeavor to bring 
the knowledge of science to improved treatment of 
human disease. The fear among physicians of choosing a 
career as clinician-scientist was that one might prove 
unworthy and not succeed, but the merit of the pursuit 
was never in doubt. The stated goals of most depart- 
ments of ophthalmology involved nurturing and pro- 
tecting such investigation-oriented physicians. Finding 
new knowledge that could be applied to human disease 
was the most sacred and important of pathways, and 
was part of the philosophy that it was important for 
physicians to “return something to the system” that 
had helped foster their careers. 

Although the above “theology of medicine” may have 
varied in intensity in different regions, I would be 
surprised if most ophthalmologists my age or older do 
not remember this era of inquisitiveness and “search 
for the truth.” Yet, now in 1991, something clearly has 
changed. Although “lip service” is still given to the need 
for clinician-scientists, and although there are various 
moanings and grumblings about the need for develop- 
ing programs to sustain such individuals, the truth is 
that, to a greater or lesser extent, many departments of 
ophthalmology have turned away from supporting such 
physicians, especially those involved in laboratory in- 
vestigation. I have heard prominent chairpersons de- 
scribe clinician-scientists (those involved in clinical or 
laboratory research, and especially those involved in 
both) as “dinosaurs.” I have even had a very senior 
basic scientist tell me that my role, as a research- 
oriented clinician, was simply to generate excess clini- 
cal income so that he could do the “truly important 
research.” 

What has happened to bring us to this peculiar state 
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of affairs, and why has this occurred without broader 


- discussion? Were the original “truths,” in fact, wrong? 


There are at least three factors that have had a major 
effect on undermining “the old truths”: (1) the econom- 
ics of ophthalmology and departments of ophthalmolo- 
gy; (2) the trend away from disease-related research; 
and (3) the mystique of the “new science.” 

Clearly, reduced reimbursements for patient care as 
well as a strong trend away from hospital-based care 
and toward ambulatory care are having major impacts 
on departments of ophthalmology, which are usually 
hospital- or university-based. There is a higher over- 
head cost associated with these larger and more com- 
plex structures. Thus, patient care can often be deliv- 
ered more cost-effectively in a practicing 
ophthalmologist’s office or surgical center. Further- 
more, there is increasing competition among an in- 
creasing supply of ophthalmologists for contracting 
clinical care dollars. In the past, more easily obtained 
clinical income could be used to provide stable support 
for a core of clinician-scientists, especially if there exist- 
ed a sense of departmental harmony in which the high 
earners contributed to the overall departmental “good” 
and goals. Now, with the “economic squeeze,” most 
departmental clinicians are forced to practice more and 
more to maintain the entire enterprise. As a result, if 
too little time is devoted to research, the death of the 
clinician-scientist becomes a self-fulfilling prophecy. 
Another unfortunate fallout from the new economics is 
that high-earning clinicians increasingly ask them- 
selves why they should remain in the department rath- 
er than strike out on their own with lower effective 
overhead costs and less hassle, if all they are going to do 
anyway is see patients and “teach.” As a result of these 
trends, we are witnessing the decline not only of the 
clinician-scientist but also of the concept of “full-time” 
ophthalmology departments. Further compounding 
the difficulties is the fact that it has never been clear 
where financial support for teaching was supposed to 
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come from. Moreover, governmental research dollars 
are shrinking, and thus the potential “MD clinician- 
scientist” is forced to compete with an increasing field of 
“pure PhDs” (who can devote 100% of their time to 
research) for these precious, shrinking research 
dollars. 

All this suggests that there is indeed a crisis involv- 
ing our former fundamental truths. I would argue that 
this crisis also involves the fundamental conceptual 
legitimacy of academic departments of ophthalmology. 
It is time, therefore, to critically examine why (mostly 
full-time) departments of ophthalmology need to exist. 
I feel compelled to emphasize that if the goal of a 
department is simply to duplicate what is already avail- 
able in the private sector, the department has lost its 
reason for being; its outlook is hopeless, because, with 
its larger structure and inherent bureaucracy, it cannot 
compete economically. Clinical care, even for tertiary 
procedures, is increasingly available in the community. 
A program rationale based only on a static “quaterna- 
ry” practice may not sustain a department either pro- 
grammatically or economically. Making teaching the 
primary rationale for departmental existence is a spe- 
cious explanation. Ifthe clinician-scientist is “dead” and 
new knowledge is not a primary pursuit of the physi- 
cian, then practical clinical training can easily be ob- 
tained at private ophthalmologists’ offices outside the 
academic medical centers. Teaching that leads to the 
acquisition of new knowledge (and vice versa) is the 
particular prerogative of the academic medical center. 

A primary reason for existence of full-time academic 
departments is the discovery of new knowledge that 
can be applied to improved treatment of human disease, 
and it justifies all other aspects of the department, 
including teaching and clinical care. Of course, discov- 
eries are constantly being made in private ophthalmolo- 
gists’ offices as well (which are welcomed; we need all 
the knowledge we can possibly acquire), but it seems 
that the larger structure of a departmental “center” is 
necessary, despite higher overhead costs, to organize 
and effectively work toward such goals. To achieve 
these goals, the clinician-investigator is pivotal. With 
the new economics, it may not be possible to support as 
many clinician-scientists as in the past (which is under- 
standable because of the ever-shrinking pool), but de- 
partments need to commit to such a program, or both 
they and the abandoned clinician-investigator may soon 
lack a firm base of support. 

One of the saddest consequences of the crisis in aca- 
demic ophthalmology, as I see it, is the movement away 
from disease-related research. Although as ophthal- 
mologists we are interested in “how we see” and there- 
fore support fundamental vision research and neuro- 
science, it is a basic mission of ophthalmology depart- 
ments to try to cure eye diseases. For this, the ophthal- 
mic clinician-investigator is essential. Simply giving 
research money to basic scientists will not achieve this 
goal. The physician is specifically trained in under- 
standing and treating disease and is also required to 
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draw on the more basic scientific expertise of individ- 
uals with PhD degrees, hopefully in a team approach, to 
advance our knowledge and clinical skills. A balanced 
focus on the disease process requires, at a minimum, 
the investigative spirit of the clinician. When depart- 
ments examine their reasons for being, they need to 
evaluate their commitment to this type of undertaking. 
Again, I argue that lessening human suffering from eye 
disease by attempting to understand and better treat 
disease processes should be fundamental goals of any 
department. 

But what of the new science? Are clinicians scientifi- 
cally obsolete, especially those trained before the era of 
molecular biology? Again, I argue, “No.” The physician 
is an indispensable component in the search to under- 
stand and cure eye diseases. One must constantly up- 
date one’s methods. I believe that the “mystique” of 
molecular biology and the “new science” will soon wear 
off, and we will all realize that they represent extraordi- 
narily powerful new methods that can help solve many 
areas of inquiry; they are simply modern biochemistry 
and (cell) biology. The clinician needs to integrate his or 
her efforts with those of basic scientists to apply their 
high science to the study of disease, but the clinician- 
scientist is absolutely essential to this process. 

I suggest that there is a crisis in academic depart- 
ments of ophthalmology that goes to the core of the 
rationale for their existence. Because this crisis is unre- 
solved, it is uncertain whether the clinician-scientist is 
still viable, not because of lack of inherent worth, the 
mystique of the new science, or the current trend away 
from disease-related research, but because it is not 
certain whether departments will continue to support 
such endeavors in meaningful ways. I also suggest, 
however, that without such a commitment, the depart- 
ments, as we currently know them, are themselves 
likely doomed to extinction. In fact, the search for new 
knowledge and the elimination of disease will allow 
departments to diversify and grow as well as prosper in 
the future. 

What if you are a young ophthalmologist, inquisitive 
in spirit, with the desire to understand, improve our 
current treatment methods, and “return something” to 
the system (laudable goals for all ophthalmologists)? Is 
the clinician-scientist track still viable? Although this 
editorial should make you pause for contemplation, my 
advice is “go for it.” As with many other aspects of 
American life, the current trend will go through a cycle. 
I hope that when departments of ophthalmology criti- 
cally examine their reason for existing, as they must be 
forced to do, the clinician-scientist (perhaps in smaller 
numbers) will once again be judged essential for the 
mission of the department. There is no greater joy than 
that of scientific discovery; one remembers such mo- 
ments quite precisely. Even if one’s efforts ultimately 
fail to improve the human condition, there is still much 
satisfaction in simply having tried. 


Davin L. Epstein, MD 
Boston, Mass 
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The Use of the 193-nm Excimer Laser for Myopic 
Photorefractive Keratectomy in Sighted Eyes 


A Multicenter Study 
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e Photorefractive keratectomy was 
performed at three centers using the 
193-nm excimer laser on 31 sighted myo- 
pic eyes. Preoperative refractive errors 
(spherical equivalent) ranged from 
—12.00 to -4.00 diopters (D) (mean, 
—6.49 +1.75 D). Peribulbar anesthesia, a 
5.2- to 6.0-mm beam diameter, and topi- 
cal corticosteroids were used for up to 
6 months after surgery. The epithelium 
healed within 3 to 4 days, and all patients 
returned to their best corrected visual 
acuity within 1 line of their preoperative 
acuity. There was minimal subepithelial 
reticular haze, peaking at 3 weeks and 


he use of the 193-nm excimer laser 

for both refractive and therapeutic 
uses was first suggested by Trokel et 
al’ and Taylor et al.” Early studies 
described the use of the excimer laser 
in animal models,” in blind and partial- 
ly sighted eyes,“ and, more recently, 
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diminishing over the next 3 to 4 months, 
which was not felt to be visually signifi- 
cant. At 6 months, the average residual 
refractive error was — 1.85+2.5 D. Sixty- 
eight percent of eyes were corrected 
within 2 D and 55% within 1 D of at- 
tempted correction. There was no signifi- 
cant change in astigmatism, contrast 
sensitivity, corneal sensation, or endo- 
thelial cell counts. This preliminary work 
shows that photorefractive keratectomy 
has promise in the reduction of moderate 
myopia. 

(Arch Ophthalmol. 1991 ;109:1525-1530) 


in fully sighted eyes." We reported our 
initial results at 6 months in six sight- 
ed patients who underwent myopic ex- 
cimer photorefractive keratectomy 
(PRK).° We report herein the results 
of a multicenter study of eyes using 
the excimer laser (model LV 2000, 


Taunton Technologies Co, Monroe, 
Conn [now VISX]). 
PATIENTS AND METHODS 
Patient Selection 


Patient selection met US Food and Drug 
Administration” criteria under an Investi- 
gational Device Exemption for these phase 
II and IIA studies. Informed consent was 
obtained from each patient after extensive 
discussion. Due to anisometropia after ex- 
cimer PRK, the ability to suecessfully wear 
a contact lens in the fellow eye was required 
for patients with high myopia. 

Patients younger than 18 years or with 
abnormal corneas, severe dry eyes, 
blepharitis, and/or lagophthalmos were ex- 


cluded. Only one eye from each patient was 
treated. 


Instrumentation 


The laser used at all sites was the model 
LV 2000. Taunton Technologies Co has now 
merged with VISX Co, Sunnyvale, Calif, 
but separate investigations are being car- 
ried out using Taunton and VISX machines. 
This laser was fully described by Taylor et 
al’ and by our group.*" It uses an argon- 
fluorine gas mixture to produce a 193-nm 
wavelength output at 10 Hz and was ad- 
justed to deliver a fluence of 100 to 120 
mJ/em’. The entire laser system has a com- 
puter control module with an interactive 
menu. Using a head restraint system and 
three-axis alignment, the eye is positioned 
by viewing through an integrated binocular 
surgical microscope as well as multiple vid- 
eo images. The laser was calibrated before 
each treatment session by measuring beam 
output and beam profile analysis. The de- 
sired dioptric change was entered into the 
computer control console. The maximum 
beam diameter was 5.2 to 6 mm, depending 
on the particular machine. 


Preoperative and Postoperative 
Examinations 


All patients underwent complete ophthal- 
mologic examinations, including’ slit-lamp 
photography, corneoscopy, corneal topogra- 
phy, ultrasonic pachometry, digital keratos- 
copy, and endothelial cell counts, the details 
of which have been fully described else- 
where.” Contrast sensitivity was tested 
using both the Pelli Robson (Pergamon 
Press Inc, Elmsford, NY) and the MCT 
8000 (Visitee Consultants, Dayton, Ohio). 

Corneal sensation was tested with an 
esthesiometer (Cochet and Bonnet, Luneau 
Co, Chartres, France). All refractions, 
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Manifest Refractions Before Surgery and 1, 3, 6, 12, and 24 Weeks and 1 Year (Patients 1 Through 6) After Surgery* 
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No. Before Surgery 1 wk 3 wk 6 wk 3 mo 6 mo 1y 

1 —8.50+0.75X 140 —0.5 sphere —1.25+1.25X120 Plano+0.50X110  —0.25+0.25X120 +0.25+0.75X125 —0.75+ 
0.50 X 110 

2 —5.00 sphere —1.00 + 1.00 X 14 +0.25 + 0.50 X 85 —0.75 + 0.75 X 80 —0.25 sphere —0.25 sphere —1.00 
sphere 

3 —15.00+6.00X130 —2.75+4.50X105 —1.50+3.50X122  -—1.25+3.75x90 —9.00+5.75X115 —15.00+6.00X115 —11.75+ 
2.25 X 120 

4 —8.75 sphere NA —1.00+1.00X10 +0.50+1.00X 12 —2.75+0.75X 165 —2.75 sphere —2.50 
sphere 

5 —10.25+2.00X90  —0.75+ 1.00X 120 +0.50+0.50X110 —0.25+0.75X 90 —1.25+0.75X95 —1.75+ 1.00X 90 =1.75+ 
1.50 X 90 
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—7.00 + 1.25 X 60 
24 —4.25 + 0.50 X 47 
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—0.50 + 0.50 X 171 
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—0.50 + 0.50 X 65 





Tt —5.75 + 1.00 X 25 —2.00 + 1.00 X 20 —3.00+0.75X30  —3.50 sphere —3.50 sphere —3.50 + 0.50 X 10 
8t —7.50 + 1.50 X 75 —1.50 + 0.75 X 90 —2.00 + 1.00 X 70 —3.25+0.75X 180 —-2.75+1.00X75  —3.75+ 1.50 X80 
9t —7.00 + 0.50 X 90 —3.00 sphere —4.00 + 1.25 X 90 —5.00 + 0.50 X 90 —5.25+0.25X75 —5.50+0.50X75 
10+ —7.00 sphere —2.75+0.75 X 90 —4,50 sphere —4.25 sphere —4.25 sphere —4.75 sphere 

11t —7.25 sphere —3.75+1.50X107 —4.25 + 1.50X75 —4.25 + 0.50 X 90 —5.50+0.50X90  —5.25 +0.25 X 90 
12 —8.25 + 1.00 X 90 —0.50 sphere —1.00 + 1.25 X 85 —0.75 + 1.25 X 90 —3.00+2.00X90 -—3.25+1.75X 110 
13 —6.25 sphere —0.25 sphere —0.50 + 0.25 X 95 — 1.00 sphere -3.50+0.75X90 —3.25 +0.25 X 105 
14 —4.00 + 0.50 X 80 Plano +2.00 + 1.00 X 90 +1.25 +0.75 X 82 —0.50 + 1.00X90  —0.75 + 1.00 X 90 
15 —5.25 + 0.25 X 90 +3.25 +0.50X 180 +1.75 sphere +1.75 sphere +0.50+0.25X90 Plano 

16 —5.25 +0.25 X 90 Plano +3.00 X 123 +2.00 +2.50X 133 Plano+0.75X122 —3.50+2.00X115 -—2.25+0.75X 114 
17 —8.00 + 0.25 X 90 —0.25 sphere —1.00+1.00X 140 —1.00+ 1.00X 140 -—2.25+1.25X120 -—2.00+ 1.50 X 125 
18 —7.50 +0.50X 120 -—1.50+0.75 X10 —0.75 +0.75X 165 +1.50 + 2.00 X 90 +1.00 + 1.50X90 Plano + 1.00 X 90 
19 —7.50+0.50X 100 +0.50 + 1.00 X 25 —0.50 + 0.75 X 45 —0.75 + 1.50 X 50 Plano + 1.00 X 55 —0.50 + 1.25 X 55 
20 —6.75 + 1.25 X 90 —1.25 sphere —2.75+0.25X 105 —1.50 + 1.25 X 88 —0.25+0.75X90 —0.75 sphere 

21 —5.25 + 1.00 X 90 —1.50 sphere —1.00 + 1.00X 162 -—0.50+1.00X115 —1.00+1.00X 105 -—3.25+2.00X 110 
22 —6.25 sphere —2.25 + 0.75 X 80 —1.00 + 1.50X 140 —0.50+0.50X110 —1.50+0.50X110 —1.50 +0.50 X 140 
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25 —4.00 sphere Plano +0.75X 130 +0.50 sphere +0.50 sphere —0.50 sphere —0.50 sphere 

26 —8.25 + 1.25 X 96 +1.00 + 1.25 X 96 —0.50 + 2.50 X 82 —0.50 + 1.75X 100 Plano +0.50 X90 —0.25 + 0.50 X 99 

27 —6.75 + 0.50 X 88 +1.00 + 1.75 X 46 —0.25+0.75X45 Plano — 1.00 sphere —1.25 sphere 
—6.00 + 1.00X 168 +1.00+0.75X65 —1.75 sphere — 1.00 sphere —1.75+0.75X 100 —1.50 + 1.00 X 167 

29 —8.00 sphere +0.50 +2.00X91 —0.75 + 1.00X 110 —1.75 sphere —2.00 sphere —2.00 sphere 

30 —6.25+ 1.75X 120 —0.50+1.75X120 +1.00+2.25X120 —1.75+2.50X130 —1.75+1.50X120 —1.75+2.00X 124 





—1.75 + 2.00 X 157 


Plano 


Plano 


—2.00 + 0.50 X 135 











—5.50 sphere 
* NA indicates not available. 





+tPatients operated on with faulty calibration in energy output. 


manifest and cycloplegic, were recorded at 
each center at similar levels of illumination 
by one clinical coordinator. Corneal haze 
was evaluated on a qualitative scale (five 
grades) and documented with standardized 
slit-lamp photography, including tangential 
broad beam, thin slit at 45°, broad beam at 
45°, and diffuse views. The above tests 
were repeated at 3, 6, and 12 months. 


Surgical Procedure 


Intravenous access and cardiac monitor- 
ing were established at the time of surgery. 
In phase II, the visual axis was marked 
with the patient fixating on the filament of a 
Zeiss operating microscope. The inferonasal 
aspect of the reflection of the filament was 
marked with a Sinskey hook (Storz, St 
Louis, Mo). This was then modified in phase 
IIA with the use of an internal fixation 
target within the laser, coaxial to a point 
midway between the two objective lenses of 
the operating microsope, and marking the 
patients cornea over the center of the 
entrance pupil as suggested by Uozato and 
Guyton.” 


Several drops of 1% proparacaine hydro- 
chloride was instilled and a 6.0-mm dispos- 
able trephine, premarked with blue dye, 
was centered on the epithelial impression 
made by the Sinskey hook to mark the 
epithelium. Peribulbar anesthesia (5 mL of 
a 50-50 solution of 2% or 4% lidocaine and 
0.75% bupivacaine hydrochloride [Mar- 
caine]) was then administered. The epitheli- 
um was removed within the 6.0-mm area. 
Visualizing the patient’s eye through the 
microscope and video monitors, the surgeon 
aligned the corneal apex to the laser plane 
by adjusting table travel in the x, y, and z 
directions. The eye was sometimes fixated 
with a 0.12 forceps. The laser then deliv- 
ered a series of pulses, predetermined 
through a rotating series of 15 apertures, 
lasting 20 to 30 seconds. This has been 
called the “recipe.” 


Postoperative Regimen 


After the ablation, tobramycin dexa- 
methasone suspension drops (Tobradex, Al- 
con, Fort Worth, Tex) and 5% homatropine 
hydrobromide (Alcon) were instilled and 
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—1.25 sphere 





the eye was patched overnight. In many 
cases, a disposable soft contact lens (Vista- 
kon Acuvue, Johnson & Johnson Co, Clare- 
mont, Calif) was placed in addition to the 
patching. In some cases, the contact lens 
was continued for the first 3 weeks to 
promote epithelialization. From the first 
postoperative day, the patients started re- 
ceiving 0.1% fluorometholone (FML, Aller- 
gan Co, Irvine, Calif) every 2 hours for the 
first week, four times a day for the first 
month, three times a day for the second 
month, and gradually tapered over the next 
4 to 5 months. A 0.3% solution of tobramy- 
cin (Tobrex, Alcon) was administered four 
times a day until the epithelium was healed. 

Statistical comparisons were made using 
Student’s ż test. All values are presented as 
means and SDs. 


RESULTS 


Between July 26, 1989, and May 23, 
1990, 31 patients (16 men and 15 wom- 
en) underwent PRK under US Food 
and Drug Administration Protocol II 
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Fig 1.—Change in refraction over time after excimer photorefractive keratectomy. Top left, Phase II, 
center 2 (Minnesota). Top right, Phase IIA, center 2; dotted lines represent five cases with undercorrection 
due to calibration problem. Bottom left, Phase IIA, center 3 (Kentucky). Bottom right, Phase IIA, center 4 
(Florida). D indicates diopter. 
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Fig 2.—Left, Distribution of baseline spherical equivalent of refractive errors in 31 eyes before excimer 
photorefractive keratectomy, revealing that the majority of eyes had refractive errors between — 6.12 and 
— 10.00 diopters (D). Right, Postoperative excimer photorefractive keratectomy. Distribution of spherical 
equivalent of refractive errors 6 months after surgery, subdivided by baseline refraction of —3.12 to 
— 6.00 D (shaded bars; n= 12) or —6.12 to — 12.00 D (open bars; n= 19). 


and IIA at the three clinical centers. 


improving rapidly after 24 hours. Pre- 
The ages of patients ranged from 24 to 


mean spherical equivalent was 


63 years (mean, 38.5+9.6 years). Pre- 
operative refractions (spherical equiv- 
alent) ranged from —15.00 +6.00 x 
130 to —4.00 diopters (D). Attempted 
corrections, usually aiming for emme- 
tropia, ranged from 4.0 to 12.0 D. 
Most patients experienced moderate 
to severe postoperative pain, usually 
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operative patient counseling, cyclople- 
gics, ice packs, and oral narcotics were 
helpful. The epithelium was generally 
healed by day 4 or 5 and no instances of 
recurrent erosions were observed. 
Refractive errors at each follow-up 
visit are listed in the Table. The re- 
fractive changes after excimer PRK at 
each center are shown in Fig 1. The 


—6.49+1.75 D before surgery and 
—1.85+2.46 D 6 months after sur- 
gery. For most patients, the at- 
tempted correction was designed to 
achieve emmetropia. The distribution 
of the spherical equivalent of the mani- 
fest refraction before surgery and 6 
months after surgery is displayed in 
Fig 2. Six months after surgery, eight 
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Fig 3.—Left, Spherical equivalents of attempted vs achieved correction in 31 eyes at 6 weeks. 
Right, Attempted vs achieved correction at 6 months. Squares represent center 2; circles, center 


3; and triangles, center 4. D indicates diopter. 
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LTE SEPP PLES HH PHL 
Preoperative Visual Acuity 


Fig 5.—Uncorrected visual acuity before sur- 
gery vs that 6 months after photorefractive 
keratectomy in 31 eyes. CF indicates count- 
ing fingers; HM, hand movements; and LP, 
light perception. 


(67%) of 12 eyes with preoperative 
spherical equivalent between —3.12 
and —6.00 D (moderate myopia group) 
achieved spherical equivalent of re- 
fraction of plano to —1.00 D, while 
only three (16%) of 19 patients with 
preoperative refraction between 
—6.12 and —12.00 D (high myopia 
group) were in that range, and five 
(26%) of 19 had values between — 1.12 
and — 2.00 D (Fig 2, right). 

Six weeks after PRK, 80.6% of the 
patients had postoperative spherical 
equivalent of refraction within 2.0 D, 
whereas 6 months after PRK, only 
67.7% were within 2.0 D. Attempted 
and achieved corrections at 6 weeks 
and 6 months are displayed in Fig 3. 

No statistically significant astigma- 
tism was induced or reduced following 
PRK. The mean cylinder was 
0.77+1.12 D before surgery and 
0.81+1.11 D 6 months after surgery 
(P=.747). 

The changes in best corrected visual 
acuity are outlined in Fig 4. Six 
months after surgery, all the patients 
had visual acuity within 1 line of that 
before surgery. Hight of 33 patients 


45 


& È 
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10 20 30 
Time After Surgery, wk 


Fig 6.— Mean keratometry values measured 
before surgery and at various postoperative 
intervals in 31 eyes. Cases were subdivided 
into groups with moderate (—3.12 to — 6.00 
diopters [D]; n=15; squares) and high 
(—6.12to — 12.00 D; n= 16; circles) myopia. 


lost 1 Snellen line and 10 patients 
gained 1 Snellen line (best corrected). 
The rest remained unchanged. 

Figure 5 illustrates the change in 
uncorrected visual acuity 6 months af- 
ter PRK. All but three patients (9.7%) 
had improved uncorrected vision fol- 
lowing excimer PRK. Six patients 
(19.3%) had visual acuity of 20/20 or 
better, 14 patients (45.2%) had 20/40 or 
better, four patients (12.9%) had 
20/100 or better, and seven patients 
(22.6%) had 20/200 or worse. No pa- 
tient had a deterioration in uncor- 
rected visual acuity. 

Mean keratometry readings at each 
visit are presented in Fig 6. The cases 
were subdivided into groups with mod- 
erate myopia (—3.12 to —6.00 D) and 
high myopia (—6.12 to —12.00 D), as 
also shown in Fig 2, right. Significant 
corneal flattening was observed in 
both groups, with marked steepening 
between weeks 1 and 6 and a more 
gradual steepening continuing through 
the 6-month visit. There was no consis- 
tent correlation between the amount of 
flattening as measured by the kera- 
tometer and the amount of final change 
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Fig 4.—Percent changes in Snellen visual 
acuity in 31 patients who underwent photore- 
fractive keratectomy from preoperative val- 
ues at 1, 3, and 6 weeks; 3 and 6 months; and 
1 year. Shaded bars represent a gain of 2 or 
more lines; open bars, a change of within 1 
line; and solid bars, a loss of 2 or more lines. 


of refractive error (6 months or 
1 year). 


Intraocular Changes 


There were no intraocular effects 
noted except for two instances of ele- 
vated intraocular pressure (mid-20s) 
that returned to normal levels after 
topical fluorometholone therapy was 
discontinued. 

Mean endothelial cell count was 
2663+ 429 per millimeter before sur- 
gery, and 2708+434 per millimeter 
3 months after surgery. Central corne- 
al thickness was measured at each 
follow-up visit. The difference between 
the preoperative and all postoperative 
corneal thickness measurements was 
statistically significant (P<.001), but 
no statistically significant difference 
was found between different postoper- 
ative measurements (P=.134 to .951). 


Corneal Topography 


All patients underwent digital kera- 
tometry using the built-in digital to- 
pography system. An example of this 
was previously reported by our group.” 
These maps confirmed the central area 
of corneal flattening and, in general, a 
good correlation was seen between the 
topographic map and refraction data. 


Contrast Sensitivity 


No statistically significant difference 
was found between contrast sensitivity 
visual acuity before and 3 months after 
(P=.092) surgery. 


Corneal Sensitivity 


The corneal sensitivity before sur- 
gery was 4.6+1.4 and 3 months after 
surgery was 4.7+1.5 (P=.706), show- 
ing no significant change. 
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Corneal Haze 


Quantitative grading of corneal 
haze, especially at minimal levels, is 
difficult and numerical grades are not 
very meaningful. Qualitatively, similar 
results were seen in phase IIA, as 
described by Zabel et al’ in a prelimi- 
nary report of our phase II patients 
and by Seiler et al.* A fine reticulation 
was noted at the epithelial stromal 
interface and in the anterior 25 um of 
the stroma at the end of the first and 
second week. At low magnification, 
the reticulation was confluent and of 
uniform density across the excimer 
bed. On occasion, there were some 
areas of increased density. When 
viewed under high magnification, a 
stellate substructure could be dis- 
cerned within the area of reticulation. 
There was a diffuse nebular haze and 
patchy granularity seen in some pa- 
tients, as viewed by sclerotic scatter. 
By the third week, the stromal granu- 
larity usually resolved; the fine reticu- 
lation became attenuated by the sixth 
week. All these changes gradually di- 
minished over time in most patients. 
By the 6-month visit, this haze was 
gone in some patients and minimal in 
the remainder. All the investigators 
agreed that the fine reticulations prob- 
ably did not interfere with vision. 


COMMENT 


Ophthalmologists have been devel- 
oping surgical methods of correcting 
refractive errors for the last 100 years. 
In 1985, Waring” reviewed 15 differ- 
ent techniques, and more recently, 
Thompson” pointed out that because of 
unsolved problems with predictability, 
unstable refractions, lack of adjustabil- 
ity, or irreversibility, these proce- 
dures have not gained widespread ac- 
ceptance. The excimer laser offers yet 
another new technique for the perma- 
nent reduction of myopia. Its success 
or failure will depend on whether PRK 
can be proven to be safe, effective, 
predictable, stable, economical, and 
easily performed. The reader of this 
article and other articles on this tech- 
nique needs to be able to compare 
these results with those of other re- 
fractive procedures, including the ex- 
cimer laser. Waring” has proposed 
guidelines for the presentation of re- 
sults from refractive procedures to en- 
able a more rational comparison. We 
have made efforts herein to present 
our data in this suggested format to 
facilitate these comparisons. 

If one compares these data with 
results from radial keratotomy, as re- 
ported in the 1-year results of the 
Prospective Evaluation of Radial Ker- 
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atotomy Study,” some rough compari- 
sons can be made. In that study, 38% 
of eyes with a baseline refraction of 
—4.50 to —8.00 D had achieved cor- 
rections between —1.00 and +1.00 D 
at 1 year. In this small series of ex- 
cimer PRK, 10 (41%) of 24 patients 
achieved the same correction. If the 
five cases of undercorrection due to the 
calibration error were omitted (cases 7 
through 11), 58% of these cases with 
higher myopia would achieve correc- 
tion within 1 D of emmetropia. We saw 
no evidence of diurnal shifts of refrac- 
tion or progressive myopia or hyper- 
opia after 3 months. A larger series of 
patients, followed up for several years, 
will eventually be needed to determine 
if small amounts of regression occur. 
In contrast to radial keratotomy, there 
were minimal glare sensitivity prob- 
lems and virtually no chance of perfo- 
rations. Eyes that underwent PRK 
had no recurrent erosions or structural 
weakening, both of which have been 
seen with radial keratotomy. 

Patient 3, who had almost complete 
regression, had several unique preex- 
isting problems that have previously 
been described." She had prior unsuc- 
cessful myopic epikeratophakia and 
subsequent removal of the epikerato- 
phakia lenticule. Her preoperative re- 
fraction was — 15.00 +6.00 x 130. She 
became pregnant approximately 2 
weeks after undergoing PRK and dis- 
continued using topical corticosteroids. 
After initial encouraging results, she 
rapidly regressed between the sixth 
and 12th weeks and also developed 
significant epithelial hypertrophy and 
haze. Although her haze was the most 
significant of the series, her best cor- 
rected vision was unchanged. Within 
the last several months, this patient 
had her epithelium mechanically re- 
moved, but the refractive error did 
not change. Histologic examination 
showed that the plaquelike corneal 
scar was made up exclusively of corne- 
al epithelium and has not returned 3 
months after débridement. Epithelial 
hyperplasia, although exaggerated in 
this patient, has been described by 
other investigators’ and may be as- 
sociated with regressions and varia- 
tions in refractive results. 

The epithelium was routinely re- 
moved before performing PRK to help 
improve predictability of the proce- 
dure. It is feasible and easier to per- 
form PRK through the intact epitheli- 
um. However, the absence of accurate 
clinical methods for evaluation of epi- 
thelial layer thickness would make 
the programming of this value 
problematic. 

Corneal hydration may be an impor- 


tant factor that needs to be explored. 
Liu et al” have detailed some of the 
variables involved with variable 
amounts of corneal hydration and cor- 
rectly point out that increased stromal 
hydration may lead to decreased abla- 
tion per pulse. The model LV2000 la- 
ser system uses an effluent removal 
system, placed near the operative eye, 
that moves considerable air over the 
cornea, resulting in significant drying 
of the cornea. Seemingly minor devi- 
ations in surgical technique, such as 
the use of balanced salt solution or 
topical anesthetic on the cornea before 
the ablation, will influence the state of 
corneal hydration and possibly cause 
variations in the ablation rate. 

Peribulbar anesthesia was used in 
these phase II and IIA patients. In 
subsequent clinical trials using the 
newer model of the Taunton laser 
(model 2015), we have found that PRK 
can be safely performed with topical 
anesthesia, This has a number of bene- 
fits beyond the obvious increased safe- 
ty factor of not having to inject near 
larger myopic eyes. The patients are 
able to fixate on an internal fixation 
light and achieve improved centration. 
Paradoxically, the patients seem to 
have less postoperative pain after topi- 
cal anesthesia than after peribulbar or 
retrobulbar blocks. 

A more recent study of 27 patients 
who underwent myopic PRK under 
topical anesthesia at the Phillips Eye 
Institute under the phase IIB protocol 
with the model 2015 experienced im- 
proved predictability. This group of 
patients had a mean preoperative 
spherical equivalent of —5.37+1.74 D 
and the mean spherical equivalent of 
refraction at 6 months was +0.62 
+1.53 D. Corrections within 1 D were 
achieved in 74% and within 2 D in 96%. 
In the subgroup of 20 eyes with preop- 
erative refractions between — 4.50 and 
—8.00 D, 14 eyes (70%) achieved cor- 
rections within 1 D of attempted cor- 
rections and 90% within 2 D. 

The location of the optical zone in 
PRK is extremely important. In his 
excellent review, Maloney” empha- 
sized that an optical zone that is too 
small or decentered may decrease acu- 
ity, lessen contrast sensitivity, or pro- 
duce glare. Uozato and Guyton” have 
clearly presented the case for center- 
ing the procedure over the entrance 
pupil while the patient is fixating a 
target coaxially placed with the sur- 
geon’s sighting eye. 

The maximum ablation diameter in 
this study was 5.2 to 6.0 mm. The 
larger-beam diameter has a number of 
clinical advantages, including reduced 
night glare and less critical centering 
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requirements. Our patients had mini- 
mal complaints concerning night glare. 
This is in contrast to the findings of 
Seiler and Wollensak,” who reported 
significant night glare problems in his 
patients when using a 3.5-mm beam 
with an earlier prototype of an excimer 
laser (Summit Technologies, Water- 
town, Mass). This problem was mostly 
resolved with a 5.0-mm beam diame- 
ter. The initial reluctance of some in- 
vestigators to use a larger-diameter 
ablation zone is understandable, and 
stems from the requirement of a deep- 
er ablation depth with the larger-diam- 
eter beam. However, it is our impres- 
sion that the presence of clinically 
significant corneal haze is not correlat- 
ed with the depth of ablation and, in 
fact, is not a problem at any depth of 
ablation performed in this series. The 
latest model of the Taunton excimer 
laser has a 6.0-mm beam diameter and 
the ideal diameter may prove to be 
7.0 mm or larger. 

The undercorrections in patients at 
center 2 were probably the result of 
performing the procedure at a fluence 
30% to 35% lower than planned. The 
desired fluence for the Taunton ma- 
chine is 100 to 125 mJ/em’. The laser 
was calibrated before every treatment 
session. Among the calibration tests 
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was analysis of beam energy levels 
with an oscilloscope measuring device 
placed in a special holder under the 
beam pathway. A defect in this mea- 
suring device was subsequently dis- 
covered and remedied. The optimal 
fluence to perform PRK is not known. 
The VISX excimer laser (model 2020) 
uses a higher fluence of 160 mJ/em* 
with similar clinical results. We have 
since modified the calibration tech- 
niques by ablating standardized disks 
of plastic at a uniform fluence and 
measuring the depth of the central cut 
in microns. 

Corneal haze, once thought to be a 
potential risk of excimer PRK,” has 
not proven to be a significant problem. 
The transient period of faint reticu- 
lated haze is the result of fibroblastic 
keratocytes beneath the epithelium,” 
and experimental studies have con- 
firmed the presence of type III and VI 
collagen.” Tuft et al” demonstrated in 
rabbits that this new collagen forma- 
tion may diminish after topical cortico- 
steroid treatment. This provides the 
rationale for the use of intensive topi- 
cal corticosteroids in our patients. 
There are presently no available data 
to indicate whether less intensive topi- 
cal corticosteroids, used for a shorter 
duration, would be equally efficacious. 
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If topical steroids are discontinued for 
modulation of refraction or due to ocu- 
lar hypertension, the patient should be 
followed up closely for regression 
and/or increased corneal haze. 

These preliminary studies show the 
potential of the 193-nm excimer laser 
to reduce moderate myopia. Consider- 
able additional study will be needed 
before the excimer laser can be used 
on the small but significant segment of 
the myopic population that desires sur- 
gical correction of their myopia. 
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Surface Ultrastructure After Excimer Laser Ablation 


Expanding vs Contracting Apertures 


Abdelhamid Sinbawy, MD; Peter J. McDonnell, MD; Hamilton Moreira, MD 


è Excimer laser corneal ablation (pho- 
torefractive keratectomy) for myopia us- 
ing a diaphragm delivery system was 
performed on eye bank and animal eyes 
by either progressively expanding or 
contracting the iris aperture. Use of an 
expanding aperture, in which the final 
ablations cover the entire treatment 
zone, produced a pseudomembrane over 
the zone that had few discontinuities. 
Ultrastructural examination of the cor- 
neas ablated using a progressively con- 
tracting aperture, however, revealed nu- 
merous discontinuities in the surface 
pseudomembrane. Use of an expanding 
iris aperture to perform ablations to cor- 
rect myopia may be preferable as it pro- 
duces a pseudomembrane with few dis- 
continuities. Clinical studies of surface 
healing in humans are necessary to de- 
termine the clinical relevance of im- 
proved continuity of the surface 
pseudomembrane. 

(Arch Ophthalmol. 1991;109:1531-1533) 


he success of laser keratectomy for 

refractive errors appears to depend 
on the ability to produce a smooth 
lamellar bed that reepithelializes with- 
out hyperplasia and with minimal stro- 
mal regrowth.’ Smoothness of the sur- 
face of the ablated tissue is determined 
not only by homogeneity of the laser 
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beam but also by the edge of the mask 
used to shape the beam and the stabil- 
ity of the eye during ablation.’ The 
edge profile may also be a factor, with 
a sloping edge margin encouraging 
surface healing as in an abrasion with 
sliding of epithelium, while a sharp, 
stepped margin might heal more like a 
conventional surgical incision, with mi- 
gration of keratocytes from the sharp- 
ly defined edge. 

Following surface ablation using the 
193-nm excimer laser, the surface of 
the ablated tissue is covered by a 
relatively electron-dense layer of ma- 
terial known as a pseudomembrane.”” 
The precise nature of the pseudomem- 
brane is unknown, but it may form 
from the recombination of organic dou- 
ble bonds uncoupled during the pho- 
toablation process. The thickness of 
the pseudomembrane has been re- 
ported to vary between 100 and 500 
nm.**" This pseudomembrane is 
thought to account partly for the 
smooth surface observed with scan- 
ning electron microscopy and to possi- 
bly speed surface healing. Factors that 
may influence surface smoothness in- 
clude the radiant exposure, with great- 
er fluences reported to increase 
smoothness,’ and whether vaporized 
debris is removed during treatment, 
thereby possibly avoiding interference 
by the particles with subsequent laser 
bursts.’ In the study described here- 
in, we compared progressively increas- 
ing iris aperture diameter with that of 
progressively decreasing iris diameter 
on the ultrastructural features of the 
ablated corneal surface. 


MATERIALS AND METHODS 


Two human eye bank eyes and four pig 
eyes were used in this study. The laser used 
was the model 20-20 argon-fluoride excimer 
laser (VISX Inc, Sunnyvale, Calif). The 
delivery system of the laser includes an iris 
diaphragm that is continuously variable in 
diameter and ablates a series of circular 
areas of superficial corneal tissue. To per- 
form an ablation for myopia, in which tissue 
to a greater depth is removed centrally 
rather than peripherally, the diaphragm 
can be expanded or contracted continuous- 
ly. One human eye and two pig eyes were 
ablated using a contracting diaphragm 
(group 1); the fellow eye bank eye and the 
other two pig eyes were ablated using an 
expanding diaphragm (group 2) (Fig 1). 

The eyes were deepithelialized mechani- 
cally using a blunt spatula (Paton), A vacu- 
um fixation ring was applied to the eyes, 
with nitrogen gas blowing over the corneal 
surface and a vacuum device aspirating 
ejected debris during the ablation. All eyes 
received a myopic ablation of 5 diopters 
with a treatment zone diameter of 6 mm. 
The laser fluence was 180 mJ/em’, pulse 
rate was 5 Hz, with 0.3 um average depth 
of ablation per pulse. A total of 223 pulses 
were delivered to each eye. 

After ablation, all eyes were prepared 
immediately in identical fashion for trans- 
mission electron microscopy. The whole 
globes were immersed in half-strength Kar- 
novsky fixative (2% paraformaldehyde, 
2.5% glutaraldehyde, and 0.1 mol/L sodium 
cacodylate buffer). The globes were fixed at 
physiologic pressure by infusion of fixative 
into the vitreous cavity. After 48 hours of 
fixation, the corneas were trephined, bi- 
sected, and divided into four equal quar- 
ters, producing two peripheral ablation 
specimens and two central specimens. 
These were washed in 0.1 mol/L sodium 
cacodylate buffer, postfixed in 2% osmium 
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Fig 1.—Top, Schematic illustration of ex- 
panding iris diaphragm for creation of central 
corneal flattening (myopic photorefractive 
keratectomy). Final laser pulses cover entire 
ablation zone. Bottom, Schematic illustration 
of contracting iris diaphragm for creation of 
central corneal flattening (myopic photore- 
fractive keratectomy). Final laser pulses treat 
only the very center of the ablation zone. 


Breaks in Surface Pseudomembrane 


Group 1 
(Contracting 
Diaphragm) 
Human cornea 
Peripheral (0) 
Central 5 
Pig cornea 
Peripheral 6 
Central 8 
Pig cornea 
Peripheral 
Central 


Group 2 
(Expanding 
Diaphragm) 





tetroxide in 0.1 mol/L sodium cacodylate 
buffer for 2 hours, washed in 0.1 mol/L 
sodium cacodylate buffer, dehydrated in a 
graded series of alcohols and then in pure 
polypropylene oxide, and embedded under 
vacuum in epoxy plastic resin. 

For transmission electron microscopy, 
60- to 80-nm thick sections were cut with a 
diamond knife ultramicrotome. Tissue was 
mounted on copper grids and stained with 
uranyl acetate-lead citrate. Sections were 
examined without knowledge of the treat- 
ment protocol (expanding or contracting 
diaphragm) or whether the section was 
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Fig 2.— Top, Transmission electron micrograph of cornea after ablation using expanding iris 
diaphragm. Pseudomembrane is continuous and averages 170 nm in thickness (original 
magnification x 16 000). Bottom, Transmission electron micrograph of cornea after ablation 
using contracting iris diaphragm. Pseudomembrane is of normal thickness, but has numerous 
discontinuities (arrows) (original magnification x 10 000). 


from the central or peripheral ablation 
zone. The presence and number of any 
discontinuities in the surface pseudomem- 
brane were determined by examining in 
their entirety each of the sections with the 
transmission electron microscope. Docu- 
mentary photographs were taken of each 
section (10 micrographs per quartile of abla- 
tion zone). An unpaired Students ¢ test 
(two-tailed) was used to test for significance 
between differences in the number of 
breaks in the pseudomembranes between 
expanding and contracting strategies and 
between central and peripheral ablation 
zones. 


RESULTS 


A surface pseudomembrane was 
present on all electron micrographs of 
ablated human and pig corneas. This 
averaged about 170 nm in thickness, 
and the thickness did not vary between 
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the two groups. Focal discontinuities 
in the pseudomembranes, averaging 
0.8+0.3 um (mean+SD) in width 
(range, 0.03 to 1.8 um), were observed 
in most quartiles of the ablation zones 
(Table and Fig 2) The number of 
breaks was greater among corneas in 
group 1 (contracting diaphragm) than 
in group 2 (expanding diaphragm) 
(P<.01). In most corneas there were 
more breaks in the surface pseudo- 
membrane in the central ablation zone 
than in the periphery, but the differ- 
ences were not statistically significant 
(P=.14), probably because of the rela- 
tively small sample size. 


COMMENT 


A number of reports describe ex- 
cimer laser photorefractive keratec- 
tomy using an iris diaphragm delivery 
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system for the correction of myo- 
pia’; most of these reports describe 
a contracting diaphragm. McDonald et 
al” used a contracting diaphragm to 
create excisions with multistepped 
sloping margins in rabbits and mon- 
keys. Del Pero and colleagues” used 
a series of progressively smaller circu- 
lar masks to perform myopic ablations 
in monkeys and humans. Taylor et al” 
performed myopic ablations in six hu- 
mans by a series of 15 steps from 
periphery to center. Another report 
did not specify whether a contracting 
or expanding iris diaphragm was 
used. In these reports, no comments 
were made regarding the continuity or 
presence of breaks in the surface 
pseudomembrane. 

Our study indicates that discontinui- 
ties can be present within the pseudo- 
membrane, whether a contracting or 
expanding iris diaphragm is employed 
to perform myopic ablations, but that 
fewer discontinuities are present when 
the expanding iris is used. We believe 
this is due to the application of laser 
energy over the peripheral as well as 
the central ablation zone with each 
subsequent burst when the expanding 
diaphragm is used. The final few 
bursts cover the entire ablation zone, 
acting to “seal” with the pseudomem- 
brane the entire treated surface. With 
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a contracting iris diaphragm, each sub- 
sequent laser pulse covers an area 
smaller than the previous pulse and 
might cause discontinuities to occur at 
the edge of the new pulse, possibly as 
the result of an acoustic shock wave as 
material is ejected from the corneal 
surface. 

Our finding of increased numbers of 
breaks in the pseudomembrane in the 
central ablation zone, compared with 
the periphery, probably relates to our 
having performed myopic ablations, 
with more pulses being required cen- 
trally to produce central flattening. 
The significance of our findings relates 
to the suggested role of the pseudo- 
membrane in promoting surface heal- 
ing. Marshall et al suggested that 
sealing of the exposed stroma by the 
pseudomembrane contributes to heal- 
ing of the ablated zone. Holland et al” 
reported that it serves as a barrier to 
water transportation and prevents cor- 
neal swelling after laser lamellar kera- 
tectomy, as compared with conven- 
tional keratectomy. The pseudomem- 
brane is believed to confer sufficient 
integrity to the ablated surface to act 
as a template for epithelial migration 
and to possibly minimize disorganiza- 
tion of superficial stroma.” 

It is possible that handling of the 
specimens during preparation for 
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transmission electron microscopy 
caused artifactitious breaks in the 
pseudomembrane, causing us to over- 
estimate the true number of disconti- 
nuities. Since all eyes were processed 
in identical fashion, however, we do 
not think this could explain the dispari- 
ty observed between eyes treated with 
expanding and contracting iris aper- 
tures. We did not, as part of our study, 
attempt to demonstrate a clinical effect 
from the pseudomembrane breaks, and 
therefore, we cannot conclude with 
certainty that our ultrastructural ob- 
servations are of clinical importance. 
Nevertheless, we believe that our find- 
ings suggest an advantage to the use of 
an expanding iris aperture over a con- 
tracting aperture for photorefractive 
keratectomy to correct myopia. We 
believe a clinical trial in humans to 
compare the results of contracting and 
expanding iris apertures is appropriate 
and will be necessary to establish 
whether improving the integrity of the 
surface pseudomembrane will result in 
clinically measurable effects on surface 
healing, superficial stromal opacities, 
or refractive changes. 
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Energy Levels and Probe Placement in 
Contact Transscleral Semiconductor Diode Laser 
Cyclophotocoagulation in Human Cadaver Eyes 


Joel S. Schuman, MD; Robert J. Noecker, MD; Carmen A. Puliafito, MD; John J. Jacobson, MD; 


Gerald J. Shepps, MD; Nan Wang, MD 


e We investigated the effects of semi- 
conductor diode laser contact trans- 
scleral cyclophotocoagulation in human 
cadaver eyes by gross examination, light 
microscopy, and scanning electron mi- 
croscopy to determine optimum clinical 
treatment parameters. Irradiation was 
performed using a continuous-wave 
semiconductor diode laser with a fiber- 
optic probe. At 1.0 to 1.25 mm posterior 
to the limbus, spots were centered on the 
pars plicata by gross examination. Expo- 
sures of less than 2 J produced no visi- 
ble damage. A 2- to 3-J exposure pro- 
duced mild whitening of the ciliary 
processes, while 4- to 5-J exposures 
created more intense whitening of the 
pars plicata. Energies higher than 5 J 


Like neodymium (Nd)-YAG laser 

energy,” the infrared wavelength 
produced by the semiconductor diode 
laser is well transmitted by the sclera 
and causes thermal tissue damage; 
however, the 750- to 850-nm spectrum 
of light emitted by the diode laser is 
better absorbed by melanin than the 
1064-nm wavelength light produced by 
the Nd-YAG laser.*’ In addition, the 
diode laser’s portability, use of stan- 
dard current, air cooling, and relative 
affordability make this laser an attrac- 
tive system for ophthalmic photo- 
coagulation. 





Accepted for publication June 19, 1991. 

From the Morse Laser Center, Howe Laborato- 
ry of Ophthalmology, Department of Ophthalmol- 
ogy, Massachusetts Eye and Ear Infirmary, Har- 
vard Medical School, Boston (Drs Schuman, 
Noecker, Puliafito, Jacobson, Shepps, and Wang), 
and New England Eye Center of New England 
Medical Center Hospitals, Tufts University 
School of Medicine, Boston (Drs Schuman and 
Puliafito). 

Reprint requests to New England Eye Center 
of New England Medical Center Hospitals, Tufts 
University School of Medicine, 750 Washington 
St, Boston MA 02111 (Dr Schuman). 


frequently produced explosive tissue 
damage. Light microscopy of tissue 
treated with 1.8 to 6 J at 1.0 to 1.25 mm 
posterior to the limbus revealed coagula- 
tion necrosis of the nonpigmented and 
pigmented epithelium, with evidence of 
thermal coagulation of the ciliary stroma 
and stromal vasculature. Coagulation ne- 
crosis was more intense with longer ex- 
posure times. We found the optimum 
parameters for contact transscleral di- 
ode laser cyclophotocoagulation in ca- 
daver eyes to be 3 to 4.5 J of energy 
delivered with the anterior edge of the 
probe 1.0 to 1.25 mm posterior to the 
limbus. 

(Arch Ophthalmol. 1991 ;109:1534-1538) 


The semiconductor diode laser has 
already been used to perform transpu- 
pillary retinal photocoagulation,” reti- 
nal endophotocoagulation,” peripheral 
iridotomies,” and trabeculoplasties. ”®™ 
In addition, contact transscleral retinal 
photocoagulation has been performed 
in rabbits.” Recently, contact trans- 
scleral cyclophotocoagulation with the 
semiconductor diode laser successfully 
lowered intraocular pressure in rab- 
bits.” In the present study, the effects 
of semiconductor diode laser contact 
transscleral cyclophotocoagulation in 
human cadaver eyes were examined by 
gross inspection and by light and scan- 
ning electron microscopy to determine 
optimal clinical treatment parameters. 


MATERIALS AND METHODS 
Laser Procedure 


Twenty-two human cadaver eyes with no 
history of eye disease or surgery were 
obtained from the New England Eye Bank, 
Boston, Mass. The eyes were maintained in 
a moist container at 4°C and then warmed 
to room temperature prior to the laser 
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procedure, which was performed within 24 
hours after death. Each eye underwent 
contact transscleral cyclophotocoagulation 
with a continuous-wave (CW) semiconduc- 
tor diode laser (818-nm, 400-~m quartz 
fiberoptic fiber probe, with a diameter of 
0.9 mm [DC-1200, Nidek, Palo Alto, Calif]; 
or an 850-nm, 600-um quartz fiberoptic 
fiber probe, with a diameter of 0.9 mm 
[Candela Laser Corp, Wayland, Mass)). 
The energy output for each laser was mea- 
sured using a joulemeter (Model 365, Scien- 
tech, Boulder, Colo). 

Laser applications were made approxi- 
mately 2 mm apart in groups of three at 3-, 
6-, 9-, and 12-o’clock positions. Power and 
probe positions were held constant for each 
group but varied between groups in the 
same eye. The contact probe was placed at 
varying distances (ie, 0.5, 1.0, 1.25, and 
1.5 mm) posterior to the visible limbus (the 
junction between the clear or blue-tinged 
cornea and opaque white sclera) in each 
eye. The probe was positioned perpendicu- 
larly to the sclera, and the distance from 
the limbus was determined from the anteri- 
or edge of the probe tip using a Castroviejo 
caliper. Power was set at 0.9 W (maximum 
output for the 818-nm unit) for 1, 2, 3, 4, or 
5 seconds, delivering 0.9, 1.8, 2.7, 3.6, or 
4.5 J of energy, respectively. For the 
850-nm unit, the power was set at 1, 2, 2.3, 
2.7, or 3 W for 1, 2, or 3 seconds so as to 
deliver 2, 3, 4, 5, 6, 7, 8, or 9 J over a 
minimum exposure time (eg, 3 W for 2 
seconds rather than 2 W for 3 seconds to 
achieve a 6-J lesion). Nineteen eyes were 
treated with the 818-nm laser, two eyes 
with the 850-nm unit, and one eye was left 
untreated as a control eye for scanning 
electron microscopy (SEM). 


Tissue Preparation 


Immediately after the laser procedure, 
the eyes were placed into Karnovsky’s solu- 
tion. After fixation for 24 hours, each eye 
was bisected, examined grossly under a 
stereomicroscope (Carl Zeiss Inc, Oberko- 
chen, Germany), and photographed. Each 
eye was then sectioned into meridional 
wedges and processed for light microscopy 
by embedding the tissue in methyl methac- 
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Fig 1.—Gross photograph demonstrates ciliary body lesion created 
with anterior edge of probe placed 1.0 mm posterior to the limbus with 


4.5 J of energy. 


Fig 2.—Anterior edge of probe placed 0.5 mm posterior to the limbus 
with delivery of 2.7 J of energy resulted in iridotomy. 


Fig 3.—Lens opacities resulting from treatment with 2.7 J of energy 
with anterior edge of probe placed 0.5 mm posterior to limbus. 


rylate. Four-micrometer sections were cut, 
stained with Stevenol’s blue or hematoxy- 
lin-eosin, examined, and photographed with 
a photomicroscope (Carl Zeiss Inc), Addi- 
tional anterior segment wedges were pre- 
pared for SEM by application of 1 mL of 
hyaluronidase for 5 minutes to remove the 
vitreous. The wedges were replaced into 
the Karnovsky’s solution for 24 hours and 
then dehydrated, critical point dried, and 
sputter coated with gold palladium. A con- 
trol eye was left untreated by laser but was 
otherwise processed for SEM in an identical 
fashion to the experimental eyes. Speci- 
mens were examined with a scanning elec- 
tron microscope (JSM-35, JEOL USA Ine, 
Peabody, Mass). 


RESULTS 
Gross Examination 


Probe placement 1.0 to 1.25 mm 
posterior to the visible limbus resulted 
in lesions localized to the pars plicata 
on the middle portion and posterior 
slope of the ciliary processes (Fig 1). 
Positioning of the probe 0.5 mm poste- 
rior to the visible limbus produced 
lesions centered on the anterior ciliary 
processes. In addition, probe place- 
ment at this position produced white 
circular lesions of the adjacent lens and 
focal disruption of the posterior pig- 
ment epithelium of the peripheral iris. 
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At this position, exposure times of 3 
seconds or longer produced an iridec- 
tomy with focal disruption of the lens 
capsule (Figs 2 and 3). Probe place- 
ment 1.5 mm posterior to the limbus 
resulted in burns localized to the pars 
plana alone or including only the 
most posterior aspect of the ciliary 
processes. 

With the probe positioned at 1.0 to 
1.25 mm posterior to the limbus, visi- 
ble lesions were not observed at expo- 
sures of less than 2 J (0.9 to 1 W for 
2 seconds). A 2-J exposure produced 
minimal whitening of the ciliary pro- 
cesses. Exposures of 3 to 4 J created 
more intense whitening of the pars 
plicata. No architectural disruption or 
scleral damage was observed at these 
energy levels; however, superficial 
scleral focal disruption was noted with 
8- to 9-J treatments. 

No differences were noted grossly 
between lesions created at similar en- 
ergy levels at 818 and 850 nm. 


Light Microscopy 


Placement of the anterior edge of 
the probe 0.5 mm posterior to the 
limbus resulted in some disruption of 
the iris pigment epithelium at shorter 
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exposure times and full-thickness iri- 
dectomies at longer exposure times. 
At 1.0 to 1.25 mm posterior to the 
limbus, coagulation necrosis of the cili- 
ary body epithelium and stroma re- 
sulted. At 1.5 mm posterior to the 
limbus, there was damage of the pars 
plana epithelium but no ciliary body 
damage. 

At exposures of 1 J, no evidence of 
damage could be detected. Applica- 
tions 1.0 to 1.25 mm posterior to the 
limbus with 2 to 3 J of energy produced 
mild coagulation necrosis of the pig- 
mented and nonpigmented ciliary epi- 
thelium and evidence of thermal coagu- 
lation of the ciliary stroma and stromal 
vasculature (Fig 4, A and B). At expo- 
sures of 4 and 5 J, disruption of the 
pigmented and nonpigmented epitheli- 
um and intense coagulation of the cili- 
ary body stroma were noted (Fig 4, C 
and D). No histologic evidence of scler- 
al damage was found at these energy 
levels. There was more intense coagu- 
lation necrosis with architectural tis- 
sue disruption at energy levels of 6 to 9 
J, with increasing tissue damage asso- 
ciated with increasing energy delivery 
(Fig 4, E through H). Loss of anatomic 
integrity at these energy levels was 
observed, with evidence of superficial 
scleral damage seen at 8 J (Fig 5). 
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Fig 4.—Light microsc 

ciliary epithelium at 2 J (A); slightly more stromal damage (asterisks) with minimal pigmented and nonpigmented epithelial 
changes at 3 J (B); moderate ciliary stromal (asterisks) and pigmented and nonpigmented ciliary epithelial coagulation 
necrosis (arrowheads) at 4 J (C), with slight architectural disruption (curved arrow) at 5 J (D) and progressively greater 
ciliary body coagulation necrosis with loss of anatomic integrity (curved arrows) at 6 J (E), 7 J (F), 8 J (G), and 9 J (H) 
(Stevenol’s blue, original magnification x 10). 


À 


Fig 5.—Light microscopy shows superficial 
scleral coagulation necrosis (arrowheads) 
with 8 J of energy (Stevenol’s blue, original 
magnification x 10). 


SEM 


Scanning electron microscopy find- 
ings correlated well with gross and 
microscopic observations. Minimal evi- 
dence of ciliary body epithelium coagu- 
lation was seen at exposures of 1 or 
2 J. Mild coagulation of the ciliary 
epithelium was noted with treatment 
energies of 3 J. Well-circumscribed 
lesions with epithelial congealing and 
stromal baring were noted at 4- to 5-J 
treatments (Fig 6). Lesions were usu- 
ally localized to one or two ciliary 
processes. 


COMMENT 


The goal of this study was to estab- 
lish optimal energy and probe place- 
ment parameters for transscleral cy- 
clophotocoagulation using a semi- 
conductor diode laser equipped with a 
contact probe. Placement of the anteri- 
or edge of the probe tip 1.0 to 1.25 mm 
posterior to the visible limbus pro- 
duced gross and histologic lesions con- 
fined largely to the pars plicata. When 
the probe was placed closer than 1.0 
mm posterior to the limbus, lens opaci- 
ties and iris lesions occasionally result- 
ed. When the probe was placed more 
than 1.25 mm posterior to the limbus, 
coagulation of the pars plana was 
achieved. At energy levels of less than 
2.7 J, the effect of treatment was 
minimal. At the 2.7-J energy level, 
mild coagulative necrosis of pigmented 
and nonpigmented ciliary epithelium 
and stroma was achieved. Higher en- 
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Fig 6. — Scanning electron micrograph demonstrates coagulation of the ciliary epithelium follow- 
ing treatment with 4.5 J of energy. Note the localization of epithelial damage to a single ciliary 
process, with a normal, smooth appearance on the surface of adjacent processes (original 


magnification x 330). 


ergy levels resulted in more coagula- 
tion necrosis and congealing of epithe- 
lium, and energy levels at 6 J and 
above resulted in architectural disrup- 
tion with loss of anatomic integrity. 

Our transscleral cyclophotocoagula- 
tion probe placement results are com- 
parable with those determined for the 
contact and noncontact Nd-YAG with 
human cadaver eyes.'"’ In a study 
using a contact CW Nd-YAG, Al- 
lingham and coauthors’ demonstrated 
that placement of the anterior edge of 
a 2.2-mm sapphire-tipped probe 0.5 to 
1.0 mm posterior to the visible limbus 
was optimal. The center of the beam in 
that study was estimated to be 1.5 to 
2.0 mm posterior to the limbus. In a 
noncontact Nd-YAG study, Hampton 
and Shields’ found the optimal location 
of the beam to be 1.0 to 1.5 mm 
posterior to the limbus. In the present 
study, based on the 1.0-mm external 
diameter of the probe tip, the center of 
the laser beam was estimated to be 1.5 
to 1.75 mm posterior to the limbus. 
The energy administered to the pars 
plicata in the present study tended to 
be slightly less than that used in Nd- 
YAG studies. 

Energy delivery was limited by the 
maximum power output of the laser 
units (0.9 W for the 818-nm wave- 
length instrument and 3 W for the 
850-nm wavelength instrument). For 
this reason, it was necessary to use 
longer exposure times to obtain suffi- 
cient energy delivery. Nonetheless, 
the diode laser treatments in this 
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study appeared to cause thermal tissue 
damage in the pars plicata of the hu- 
man cadaver eye that was similar to 
that reported in Nd-YAG studies. Ob- 
servable effects were seen at lower 
threshold energy levels with the diode 
laser compared with reported results 
of Nd-YAG studies.’"’ In the present 
study, for example, gross and micro- 
scopic findings in the pars plicata after 
administration of 2.7 J to 5 J seemed 
comparable to the pars plicata lesions 
described in the study by Allingham et 
al' after administration of 3.5 J to 5.6 J 
with the contact CW Nd-YAG. Over- 
all, it appeared that the same effects 
were achieved with roughly 75% of the 
energy needed by the contact CW Nd- 
YAG. These results may be attributed 
to the fact that there is better absorp- 
tion of the diode laser's near infrared 
wavelengths by melanin; this is consis- 
tent with the report by Rol and 
coauthors.” 

The present study demonstrates 
that the semiconductor diode laser can 
create reproducible lesions isolated to 
the pars plicata with the delivery of 
2.7 J or more with a contact probe 
placed 1.0 to 1.25 mm posterior to the 
visible limbus of human cadaver eyes. 
Moreover, it appears that the effects 
are titratable and localizable, with the 
extent of tissue damage dependent on 
probe placement and the amount of 
energy delivered. 

The maximum power output of the 
diode laser units limited comparison of 
identical parameters with the Nd-YAG 
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laser. Our investigation suggests that 
the semiconductor diode laser may be 
as effective as the Nd-YAG laser for 
contact transscleral cyclophotocoagula- 
tion. While this study provides a start- 
ing point for clinical use of the semi- 
conductor diode laser for contact 
transscleral cyclophotocoagulation, 
clinical trials are needed to determine 
optimal parameters required to effect 
clinically useful lowering of intraocular 
pressure. 


This study was supported by the Heed Ophthal- 
mic Foundation (Dr Schuman), National Institute 
of Health grant 5 T32 EY07097-02 (Dr Schuman), 
and the Office of Naval Research contract N0014- 
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The authors have no proprietary interest in the 
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From the Archives of the Archives 


A look at the past... 


Us to about 3 years ago the conceptions of the physiology and pharmacology of the iris were 
comparatively simple. It was known that there were two muscles in the iris, the sphincter 
and the dilator, which were thought to act more or less independently of each other. The 
same assumptions were made for the influence of drugs on these two muscles. A group of 
drugs was known to influence only the sphincter, another group to act on the dilator. For the 
sphincter it was found that certain alkaloids had the power of increasing the tone, while 
certain others paralyzed it. A new point was brought out by Poos when he was able to show 


active relaxation of the sphincter pupillae under the influence of cocaine or epinephrine, 
drugs which up to that time were thought to influence the dilator only. Poos studied the 
action of various drugs on the isolated sphincter and dilator. The former was prepared by 
excising about one half of the sphincter portion of a fresh animal or human eye. The excised 
portion was suspended between two fine clips in such a way that its length could be recorded 
on a kymograph. The whole specimen was submerged in physiologic solution of sodium 
chloride, to which the drugs were added subsequently. 


SourCE: Hartgraves H, Kronfeld PC. The synergistic action of 
atropine and epinephrine on the intrinsic muscles of the eye. 
Arch Ophthalmol, 1931;5:212, 
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Gyrate Atrophy of the Choroid and Retina 


Long-term Reduction of Ornithine Slows Retinal Degeneration 


Muriel I. Kaiser-Kupfer, MD; Rafael C. Caruso, MD; David Valle, MD 


e Gyrate atrophy of the choroid and 
retina is an autosomal recessive, chor- 
ioretinal dystrophy that begins in child- 
hood and leads to blindness in the fourth 
to seventh decade of life. The primary 
defect is deficiency of ornithine-5-amino- 
transferase, which results in accumula- 
tion of ornithine. We examined six pairs 
of affected siblings to determine if intra- 
familial variability in the phenotype was 
less than interfamilial, and to determine if 
long-term (5- to 7-year) reduction of orni- 
thine with an arginine-restricted diet had 
an effect on the progression of the chor- 
ioretinal degeneration. All but one set of 
siblings underwent periodic ophthalmo- 
logic examinations. The clinical diagno- 
sis was confirmed with the demonstra- 
tion of hyperornithinemia and deficiency 
of ornithine-8-aminotransferase. The mo- 
lecular defects in their ornithine-5-amino- 
transferase genes also were determined. 
The two younger pairs of siblings were 
given an arginine-restricted diet and fol- 


(Grate atrophy (GA) of the choroid 

and retina is a rare, autosomal re- 
cessive, chorioretinal dystrophy.'’ All 
affected individuals develop axial myo- 
pia in early childhood and most have 





Accepted for publication July 30, 1991. 

From the National Eye Institute, National In- 
stitutes of Health, Bethesda, Md (Drs Kaiser- 
Kupfer and Caruso), and The Howard Hughes 
Medical Institute Laboratory of Genetics, The 
Johns Hopkins University School of Medicine, 
Baltimore, Md (Dr Valle). 

Reprint requests to National Eye Institute, 
National Institutes of Health, 9000 Rockville 
Pike, 10/10N226, Bethesda, MD 20892 (Dr Kaiser- 
Kupfer). 


Arch Ophthalmol—Vol 109, November 1991 


lowed up for 5 to 7 years. We found 
strikingly similar phenotypes in affected 
members of the same pair of siblings. In 
the young patients receiving the diet, 
there was substantial reduction of orni- 
thine levels. These children had only 
modest progression of their ocular dis- 
ease during this period. Furthermore, a 
comparison of the outcome of the youn- 
ger with their older siblings at an equiva- 
lent age showed that the younger sib- 
lings, who started receiving the diet at an 
earlier age, had much less ocular dis- 
ease. We conclude that intrafamilial phe- 
notypic variation in gyrate atrophy is less 
than interfamilial and, therefore, that ge- 
netic heterogeneity plays a role in the 
phenotypic variability of gyrate atrophy. 
Furthermore, we conclude that chronic 
reduction of ornithine with an arginine- 
restricted diet dramatically slows the 
progression of the chorioretinal dys- 
trophy. 

(Arch Ophthalmol. 1991;109:1539-1548) 


impaired peripheral and night vision 
by age 10 years. In a typical case, 
there is concentric reduction of the 
visual fields leading to tunnel vision 
and eventually blindness in the fourth 
to seventh decade. The progression of 
abnormalities in the ocular fundus par- 
allels the loss of visual function. Sharp- 
ly demarcated circular patches of chor- 
ioretinal atrophy appear in the 
periphery of the retina in the first 
decade of life. These lesions increase in 
size and number, gradually coalescing 
and involving more of the posterior 
pole, until there is complete choriore- 
tinal atrophy. Nearly all patients de- 


velop posterior subcapsular cataracts 
in the second decade. Other than visual 
problems and mild proximal muscle 
weakness in some, patients with GA 
are asymptomatic. 

The primary defect causing GA is 
deficiency of ornithine-5-aminotrans- 
ferase (OAT), a pyridoxal phosphate 
requiring transamidinase that cata- 
lyzes the interconversion of ornithine 
and glutamate semialdehyde.” Defi- 
ciency of OAT accounts for the bio- 
chemical hallmark of GA, a 10- to 15- 
fold accumulation of ornithine in 
plasma and other body fluids. Second- 
ary biochemical abnormalities include 
subnormal levels of creatine due to 
inhibition by ornithine of glycine tran- 
samidinase, the first enzyme in the 
creatine biosynthetic pathway.” 

Development of effective therapy 
for GA has been hampered by the lack 
of understanding of the pathophysio- 
logic mechanism(s) causing the chor- 
ioretinal degeneration.” A variety of 
experimental treatments have been at- 
tempted, including stimulation of re- 
sidual OAT activity by pharmacologic 
doses of pyridoxine hydrochloride,”” 
creatine supplementation,"” and re- 
duction of accumulated ornithine with 
an arginine-restricted diet. ™" Pyridox- 
ine therapy results in partial correc- 
tion of hyperornithinemia in fewer 
than 5% of the patients with GA, but 
the long-term consequences of this on 
the progression of the chorioretinal 
degeneration have not been de- 
scribed.**"” Creatine supplementation 
appears to have no effect on the pro- 
gression of the ocular disease. ”” Di- 
etary arginine restriction limits the 
source of ornithine but requires a 
marked alteration from a normal diet 
and many patients are unable to com- 
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ply.” However, in those who do, orni- 
thine can be reduced to near normal 
levels."* The effect of long-term reduc- 
tion of ornithine accumulation on the 
progression of the chorioretinal degen- 
eration is not clear. Two adult patients 
whose mean plasma ornithine level 
was maintained at less than 200 
pmol/L for 10 years exhibited stable 
visual function during this interval, 
suggesting that reduction of ornithine 
may slow or stop the chorioretinal 
degeneration.’ In contrast, Vannas- 
Sulonen and coworkers noted en- 
largement of some of the retinal lesions 
and progression of electroretinograph- 
ic (ERG) abnormalities in three chil- 
dren who started the diet between 
ages 7 and 9 years, and were reported 
to have maintained good biochemical 
control for 3 to 5 years. Berson et al’ 
noted similar progression in five young 
adults receiving the diet with fair re- 
duction of ornithine levels for 4 months 
to 2 years. 

The conflicting reports on the re- 
sults of treatment trials highlight the 
difficulties in evaluating therapy for a 
rare, slowly progressive genetic disor- 
der. The patients may vary in their 
genotype at the disease gene locus, 
their genetic background, and their 
compliance with and age at the time of 
institution of treatment.” These vari- 
ables, together with the small number 
of patients, make objective evaluation 
of therapeutic trials difficult. 

In our studies of treatment of GA, 
we have attempted to minimize these 
variables by concentrating on groups 
of siblings with more than one affected 
member. We have identified six affect- 
ed pairs of siblings. Siblings with GA 
have identical genotypes at the OAT 
locus and half of all of their genes are 
identical by descent. Thus, to the ex- 
tent that genetic factors influence phe- 
notypic variation, affected siblings can 
be expected to be more similar than 
unrelated patients, ie, intrafamilial 
variability should be less than interfa- 
milial variability. In addition, we fo- 
cused on younger patients (<10 years 
old) who still have a considerable 
amount of normal-appearing and func- 
tioning retina at the time of institution 
of the treatment trial. 

In this report, we present evidence 
supporting the expectation that intra- 
familial variation in clinical severity of 
the chorioretinal degeneration is less 
than interfamilial in GA. Furthermore, 
in the two youngest pairs of siblings, 
we compare the outcome of the youn- 
ger with that of the older sibling, after 
5 or more years of treatment with an 
arginine-restricted diet. Our results 
suggest that long-term reduction of 


Table 1.—Young Pairs of Siblings With Gyrate Atrophy 


Patient No. 
Sh 3? COO onasn 


Variable GA008-2 GA021-1 GA021-2 





Sex F F M 








Age 
At diagnosis 
At institution of 
diet 6 y 4 mo 
At time of this writing 13 y 5 mo 9y 11 mo 15 y 5 mo 8% y 
OAT genotype * C93F/P241L C93F/P241L M1I/M1I M1I/M11 


* Ornithine-6-aminotransferase (OAT) missense alleles are designated by using the single-letter abbreviations 
for amino acids. The first letter and number indicate the normal residue and codon number, respectively. The 
second letter indicates the replacement residue, eg, C93F is a phenylalanine substitution for cysteine at codon 
93. The relevant single-letter amino acid abbreviations for the alleles in Tables 1 and 2 are as follows: C, cys- 
teine; F, phenylalanine; H, histadine; L, leucine; M, methionine; N, asparagine; P, proline; and Y, tyrosine. These 
molecular results are from Brody et al.*' 


Table 2.—Older Pairs of Siblings With Gyrate Atrophy 


11 mo 8y 11mo 2y7mo 








2y 10 mo 9y4mo 3y1mo 
























Age at ERG 

OAT Cataract Amplitude, 
Patient No./Age, y* /Sex Genotypet Extraction (y) uve 
GA019-1/30/M H53fs(— 1)/H53fs(— 1) 20 23 






GA019-2/27/M H53fs(— 1)/H53fs(— 1) 1 


5 14 
Ga007-1/33/M M1I/M1I 39 45 
GA007-2/32/F M1I/M1l 37 41 

i E§ 


GA018-1/36/M N334fs(— 1)/N334fs(— 1) is 


GAO 18-2/24/F N334fs(— 1)/N334fs(— 1) din E§ 
GA072-1/58/M Y55H/? 49 95 
GA-072-2/53/F Y55H/? 56 197 


* Age at the time of photographs. 

tA small deletion or insertion that shifts the reading frame is indicated by the designation ‘‘fs’’ following the 
codon number. The number of base pairs added or deleted is shown in parentheses. See footnote to Table 1 
for an explanation of other abbreviations. 

Maximum retinal response on electroretinography (ERG). 

§Extinguished or nonrecordable amplitudes. 






Table 3.—Ganzfeld Electroretinographic (ERG) Peak Amplitude 


ERG Amplitude, „V 
ee Co. 
Dark- Light- 
Adapted, Adapted, 
Rod- Cone- Retinal Cone- 
Patient No. Age Mediated Mediated Response Mediated 


GAOO8- 1 7y4mo 49 57 

12 y 4 mo* 56 

4y4mo 84 

8 y 11mo* 67 

GA021-1 9y 35 

13y 11 mo* 30 

4y 10 mo 205 

7y9mo* 188 32 

Normal mean + SEM values 

Girls (n = 8) 5-19 231 + 44 
Boys (n = 8) 5-19 233 + 53 

* Age at last ERG recording with initial stimuli. 


Maximal 





























GA008-2 


























GA021-2 

















126 + 38 
113 + 20 


142 + 42 
138 + 4 


413 + 100 
301 + 57 








ing plasma ornithine levels of five of these 
pairs of siblings were previously reported 
(pedigree numbers GA007, GA008, GA018, 


ornithine markedly slows the progres- 
sion of chorioretinal degeneration. 


PATIENTS AND METHODS 
Patients 


Among our 36 patients with GA, there 
were six pairs of affected siblings. The 
pedigrees, age, sex, ethnic origin, and fast- 
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GA019, and GA021).’ All patients had less 
than 5% of control fibroblast OAT activity 
and none exhibited an in vivo response to 
pyridoxine or an in vitro response to pyri- 
doxal phosphate. Two (GA0008 and GA021) 
of these pairs of siblings were less than 10 
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Fig 1.—GA008-1. Photomontages of the retinas. Top, Left (L) and right (R) retina at age 6 years 4 months. 
Bottom, Left (L) and right (R) retina at age 13 years 4 months. Comparison of top and bottom shows 
minimal progression in both size and pigmentation of a few lesions after patients had been receiving the 
diet for 84 months. 


years old at entry into the study. The two 
sisters in pedigree GA008 were Americans 
of German/Italian ancestry and the brother 
and sister in pedigree GA021 were Leba- 
nese Maronites. Because these young pa- 
tients are particularly important for this 
study, their case reports are summarized 
below. The sixth pair of siblings (GA072), of 
Hungarian background, included a woman 
aged 56 years, with a plasma ornithine level 
of 810 mmol/L, and her 61-year-old broth- 
er, with a plasma ornithine level of 764 
pmol/L. Their ornithine levels were not 
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significantly altered by a trial of pyridoxine 
hydrochloride (500 mg/d) treatment. Their 
fibroblast OAT activity was 1.5% of control 
at both standard (16 umol/L) and high (200 
pmol/L) concentrations of pyridoxal phos- 
phate in a radioisotopic assay.” Additional 
data on the pairs of siblings, including OAT 
genotype, are provided in Tables 1” and 2. 


Ophthalmic Examination 


All patients underwent periodic complete 
ophthalmic examination within the limits of 
what was possible for age and cooperation, 


with the exception of cases GA018-1 and 
GAO018-2, who were seen only once. The 
best corrected visual acuity was determined 
using the standard Early Treatment Dia- 
betic Retinopathy Study” chart. Slit-lamp 
biomicroscopy, funduscopic examination, 
and fundus photography were performed at 
each visit. Kinetic visual fields were tested 
with Goldmann perimetry. Dark adaptation 
was measured with a Goldmann-Weekers 
adaptometer in the central 10° of the visual 
field. Elevations of more than 0.8 log units 
in the final thresholds were significant at 
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Fig 2.—GA008-2. Photomontages of the retinas. Top, Left (L) and right (R) retina at age 5 years, 10 
months. Bottom, Left (L) and right (R) retina at age 9 years 10 months. There is a solitary atrophic lesion in 
each eye (arrow) at age 9 years 10 months after the patient had been receiving the diet for 84 months, 
beginning at age 2 years 10 months. The small depigmented area (L) at the 3-o’clock position may be an 
additional early atrophic lesion. The apparent lesion at the 11-o'clock position is not an atrophy but a 
discrete area of depigmentation. This minimal involvement should be compared with the multiple lesions 
in her sibling, GAO08-1, at age 6 years 4 months (see Fig 1, top). 


the 95% confidence limit, as determined by 
previous measurements in 100 normal sub- 
jects in the National Eye Institute clinic 
(R.C.C., unpublished data, 1974, 1977). 
Color vision was-evaluated using the Har- 
dy-Rand-Rittler plates,” the Farnsworth 
panel D-15,” and the Lanthony desaturated 
panel D-15.” When age permitted, the 
Farnsworth-Munsell 100 Hue Test was 
used and the scores were compared with 
the total index scores for normal subjects. 
Electroretinography was performed as de- 
scribed previously.” In brief, ERGs were 
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recorded after dark adaptation to blue stim- 
uli (rod-mediated ERG), matched red stim- 
uli (dark-adapted, cone-mediated ERG), 
and bright white stimuli (maximal retinal 
response). After light adaptation, ERGs 
elicited by white stimuli were recorded 
(light-adapted, cone-mediated ERG). The 
peak amplitude of the b waves was mea- 
sured. On the most recent visit, recordings 
were made using a different stimulator 
(Table 3) The electro-oculographic re- 
sponse was measured using a standard 
technique.” 
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Metabolic Procedures 

30th members of the two youngest pairs 
of affected siblings (GA008 and GA021) 
were administered an arginine-restricted 
diet as described." In brief, this diet pro- 
vided 0.5 g of protein per kilogram of body 
weight per day and was supplemented with 
0.3 to 0.5 g of essential amino acids per 
kilogram per day and at least the recom- 
mended daily allowance of vitamins, trace 
elements, calcium, and calories. Plasma 
amino acids were determined on samples 
obtained between 8 and 9 AM after an 
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Fig 3.—GA021-1. Photomontages of the retinas. Top, Left (L) and right (R) retina at age 9 years. Bottom, 
Left (L) and right (R) retina at age 13 years 11 months. Note the multiple scattered atrophic and pigmented 
chorioretinal lesions at age 9 years (top) with minimal progression and coalescence of some lesions 
(arrows) during the ensuing 59 months (bottom). The patient received the diet for the last 54 of these 
months. 


overnight fast and measured with an amino 
acid analyzer (Beckman Instruments Inc, 
Fullerton, Calif), When the patients were 
not in the hospital, the plasma was depro- 
teinized with 10% sulfosalicylic acid and the 
supernate mailed to us at ambient tempera- 
ture. Ornithine is stable indefinitely under 
these conditions. 


Informed Consent 


The study was approved by the National 
Eye Institute Clinical Review Board and 
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The Johns Hopkins Joint Committee on 
Clinical Investigation. Patients were admit- 
ted to the study after obtaining parental 
consent and assent of children old enough to 
do so. 


CASE REPORTS OF THE YOUNG PAIRS 
OF SIBLINGS (GA008 AND GA021) 


Our initial evaluations of each of the 
affected children in the young pairs of sib- 
lings were previously reported in detail” 
and are summarized and updated below. 


GA008-1.—This girl was found to have 
GA at age 4 '/2 years during the course of an 
evaluation for a learning disability. Her 
dietary protein was modestly restricted and 
she started receiving 400 mg/d of pyridox- 
ine hydrochloride. She was first evaluated 
by us at age 6 years 4 months. Her height 
was 163 cm (75th percentile) and weight 
was 44.6 kg (25th percentile). Results of her 
physical examination were normal, except 
for redness and scaling of the cheeks and of 
the skin around the eyebrows, focal alope- 
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Fig 4.—GA021-2. Photomontages of the retinas. Top, Left (L) and right (R) retina at age 4 years 9 months. 
Bottom, Left (L) and right (R) retina at age 8'/2 years, after the patient had been receiving the diet for 65 
months beginning at age 3'/2 years. There is diffuse mottling and slight increase in pigmentation, but no 
atrophic chorioretinal lesions. At a similar age, his older sibling had multiple scattered atrophic and 
pigmented lesions (Fig 3, top). GAQ21-2 began receiving an arginine-restricted diet at age 3'/2 years, 
while GA021-1 began receiving the diet at age 9 years 4 months. 


cia, scarring of the scalp, and mildly dimin- 
ished muscle mass for age. Her skin disease 
was diagnosed as keratosis pilaris atrophi- 
cans. Her diet was adjusted to our standard 
protocol. Pyridoxine treatment was de- 
creased to 200 mg/d with no effect on 
plasma ornithine levels. 

At age 13 years 5 months, after she had 
been receiving an arginine-restricted diet 
for 85 months, her height was 164 cm (80th 
percentile), her weight was 44.6 kg (40th 
percentile), and her skin was unchanged. 
Her visual acuity was 20/32 OD, with a 
refractive correction of 13.50 +1.00 
x 105°, and 20/32 OS, with a refractive 
correction of — 13.50 +0.75 x 25°. Her ini- 
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tial and most recent fundus montages are 
shown in Fig 1 

GA008-2.—The sister of GA008-1, who 
was 3'/2-years younger, was 
shortly after her sister and treated similar- 
ly. She was first examined by us when she 
was 2 years 10 months old. Her height was 
144 em (80th percentile), her weight was 
32.7 kg (60th percentile), and the remainder 
of her physical examination results were 
normal. Her diet was adjusted to our stan- 
dard protocol and the pyridoxine dose re- 
duced first to 200 mg/d and, subsequently 
discontinued at age 7 years 11 months with 
no effect on plasma ornithine level. 

At age 9 years 11 months, when she had 


diagnosed 
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been receiving an arginine-restricted diet 
for 85 months, her height was 145 cm (75th 
percentile), her weight was 33.2 kg (50 
percentile), and the remainder of her physi- 
cal examination results were normal. Her 
visual acuity was 20/25 OD, with a refrac- 
tive correction of —7.50 +2.50 x 105°, and 
20/32 +1 OS, with a refractive correction of 
—9.00 +2.00 x90°. Her initial and most 
recent fundus montages are shown in Fig 2. 

GA021-1.—This girl was found to have 
myopia at age 5 years. Although retinal 
abnormalities were noted, no specific diag- 
nosis was made. At age 8 years 9 months, 
she was examined at the American Univer- 
sity in Beirut, Lebanon, where ophthalmic 
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Fig 5.—Photomontages of the retinas of the older pairs of siblings. Top left, GA019-1 at age 30 years 
1 month; top right, GA019-2 at age 27 years 2 months; bottom left, GA007-1 at age 33 years 2 months; and 
bottom right, GA007-2 at age 32 years. 


features consistent with GA were recog- 
nized. A plasma ornithine level of 860 
mmol/L confirmed the diagnosis. She was 
first examined by us at age 8 years 11 
months. Her general medical history was 
unremarkable, except for minor language 
delay. Her parents were first cousins. On 
physical examination, her height was 124 
em (10th percentile) and weight, 26 kg (10th 
percentile). Muscle mass and strength were 
age appropriate. On ophthalmic examina- 
tion, her visual acuity was 20/60 OU, with a 
refractive correction of — 11.00 +1.50 x 90° 
OD and —11.25 +1.50 x100° OS. She 
began receiving an arginine-restricted diet 
at age 9 years 4 months. 

At age 14 years 11 months, after she had 
been receiving an arginine-restricted diet for 
67 months, her height was 148 em (lower 
than the third percentile) and her weight was 
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42.4 kg (fifth percentile), Her visual acuity 
was 20/40 OU, with a refractive correction of 
—10.25 +2.50 x 100° OD and — 10.25 +2.00 
x 80° OS. Her initial and most recent fundus 
montages are shown in Fig 3. 
GA021-2.—The brother of GA021-1, 
who was 7 years younger, was found to 
have a plasma ornithine level of 1111 
pmol/L at the time of his sister’s diagno- 
sis. He was first examined by us at age 
2!/2 years. His past medical history was 
unremarkable, except for congenital 
equinovarous deformity of his left foot, 
which was surgically corrected at age 1 
year. His height was 92 em (50th percen- 
tile), and weight, 15.5 kg (75th percen- 
tile). Muscle mass and strength were nor- 
mal. Our initial ophthalmic examination 
was performed with the patient under 
anesthesia. Retinoscopy revealed —3.00 





sphere in each eye. The external examina- 
tion and slit-lamp examination results 
were within normal limits and no lens 
opacities were noted. The optic nerves, 
maculae, and vessels were normal. In the 
middle and far part of the periphery, there 
was diffuse pigment mottling with small 
discrete depigmented spots (Fig 4), but no 
areas of atrophy. 

At age 8 1/2 years, after receiving the diet 
for 67 months, his height was 119 em (8rd 
percentile), and weight, 21.7 kg (5th per- 
centile), His visual acuity was 20/25-1 OD, 
with a refractive correction of —3.50 +3.25 
x 115°, and 20/32+2 OS, with a refractive 
correction of —4.25 +3.25 x 65°. His initial 
and most recent fundus montages are 
shown in Fig 4. 

Additional data on these children are 
summarized in Table 1. 
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RESULTS 


Older Pairs of Siblings (GA007, GA018, 
GA019, and GA072) 


The older siblings with GA ranged in 
age from 24 to 58 years, and the differ- Arginine-Restricted 
ence in age between the two affected Diet Duration 
individuals in each pair of siblings Patient Unrestricted = neg Se or et 
range d from'1 (G A007) to 12 years No. Diet ‘Mean+SD Range Diet, mo Determinations 


Table 4.—Effect of an Arginine-Restricted Diet on Plasma Ornithine Concentration in 
Young Pairs of Siblings With Gyrate Atrophy 


Plasma Ornithine Level, umol/L* 





(GA018). Despite these age differ- GA008-1 886 313 + 106 98-760 85 103 
ences; the phenotypes of affected indi- 
viduals in the same pair of siblings 
were remarkably similar (Table 2 and 
Fig 5). For example, the amplitudes of 
the maximal retinal responses in the 
ERG were similar in the siblings (Ta- 
ble 2). 

This contrasts with the broad range 
of phenotypic severity in our entire 
patient population with GA'* and in 
descriptions of patients in the litera- 
ture.” This strong similarity in se- 
verity of phenotype between affected 
siblings supports the notion that intra- 
familial variation is less than interfami- 
lial variation in GA. 

Young Pairs of Siblings 
(GA008 and GA021) 


Effect of an Arginine-Restricted 
Diet on Ornithine Accumulation. — 
All four patients receiving an unre- 
stricted diet had hyperornithinemia 
typical for GA (Table 4). Restriction of 
dietary arginine markedly reduced or- 
nithine levels to mean values within 
the normal range (GA021-1 and -2) or 
about twice the upper limit of normal 
(GA008-1 and -2). When the patients 
were receiving the diet, the ornithine 
concentrations were similar in the 
GA008 siblings (mean ornithine level 
for GA008-1 was 1.2 times that for 
GA008-2) and virtually identical in 
GA021 (mean ornithine level for 
GA021-1 was 1.1 times that for GA021- 
2). The growth and development of the 
children receiving the diet has been 
appropriate for expectations based on 
their family histories. 

Visual Acuity. — Reliability of visual 
acuity measurements was suspect in 
the initial visits of all the young pa- 
tients due to cooperation and/or lan- 
guage differences. With this caveat, 
the visual acuity of all four of the 
patients either improved or remained 
the same in the 5 to 7 years that they 
were receiving the diet. 

Myopia was present in all four pa- 
tients at the first evaluation. The pro- 
gression of myopia was the greatest in 
GA008-1, with an increase of — 10.25 
diopters (D) in both eyes from age 6 
years 4 months to 13 years 4 months. : 
GA008-2 showed increases of —5.50 
and —7.25 D, right and left eye, re- 
spectively, from age 2 years 10 months 
to 9 years 10 months. It is interesting 





GA008-2 1180 251 + 88 


42-460 85 95 





GA021-1 818 + 200T 121 + 66 


42-319 67 29 





GA021-2 971 + 203t 106 + 41 





* Normal plasma ornithine level is 75+ 22 „mol/L. 


tMeans + SDs of five samples. 


that, when GA008-2 reached the age at 
which her sister started receiving the 
diet, she had myopia measuring — 2.25 
to -3.00 D less than her sister. 
GA021-1 showed increases in myopia 
of —1.25 and —1.50 D, right eye and 
left eye, respectively, from age 8 years 
11 months to 14 years 11 months, while 
GA021-2 showed an increase of — 2.50 
D in both eyes during the same period. 
When GA021-2 reached the age of his 
older sister at the time of her diagno- 
sis, he had myopia measuring — 5.25 to 
—6.00 D less than her. 
Lenses.—GA008-1 showed a slight 
increase in the density of the posterior 
capsule beginning at approximately 7 
years of age, but did not develop any 
discrete opacities. The lenses of 
GA008-2 remained completely clear. 
At age 13 years, GA021-1 was noted to 
have bilateral small posterior subcap- 
sular lens opacities that have remained 
unchanged over the last 18 months. 
GA021-2 has completely clear lenses. 
Dark Adaptation and Color Vi- 
sion. — Dark adaptation thresholds and 
color vision were measured serially 
from the time when patient coopera- 
tion permitted. In all four patients, the 
results remained in the normal range. 
Visual Fields.—Goldmann visual 
fields showed a moderate constriction 
of 25° to 40° to a small test object (14e) 
but were normal (70° to 80°) to a large 
test object (V4e), demonstrating a rel- 
ative rather than.an absolute field de- 
fect. For each of the four patients, the 
visual fields remained unchanged dur- 
ing follow-up. When the area subtend- 
ed by the I4e isopter was analyzed, 
there was little difference between 
GAO008-1 and -2. In contrast, this area 
in GA021-2 was larger than in GA021- 
i 
ERGs.—Because different stimuli 
were used to elicit ERGs on the most 
recent visit, Table 3 lists the ERG data 
from the last evaluation with the initial 
stimuli. When the ERG results from 
the most recent evaluation were cor- 
rected for the change in stimuli, no 
differences were seen. All ERG ampli- 
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38-176 67 29 


tudes were significantly reduced with 
respect to controls at the time of the 
initial study, but remained essentially 
unchanged during follow-up studies 
with the exception of amplitude reduc- 
tions in cone-mediated ERG in GA021- 
1 and -2, seen only after light adapta- 
tion. The significance of these 
differences is uncertain since the am- 
plitudes of these records are small and 
there was no accompanying decline in 
the dark-adapted cone responses. The 
implicit time was normal or minimally 
increased in all recordings. 

Fundi.—The older of each pair of 
siblings, GA008-1 (Fig 1) and GA021-1 
(Fig 3), showed chorioretinal atrophy 
typical for GA at the time of diagnosis. 
Over time, patient GA008-1 demon- 
strated alterations in pigmentation of 
some lesions and in two specific areas 
the size of the atrophic lesions in- 
creased. However, most of her atroph- 
ic lesions did not increase in size. 
GA021-1 showed mild progression and 
coalescence of a few lesions, while oth- 
ers became more pigmented, with ap- 
parent reduction in size. 

GA008-2 showed a diffuse mottling 
of the retinal pigment epithelium in the 
middle and far periphery at the time of 
our initial evaluation (Fig 2, top), and 
developed a single atrophic lesion in 
the periphery of the right eye at age 7 
years 4 months and in the left eye at 
age 7 years 11 months. These lesions 
gradually accumulated pigment at 
their margins. No new lesions other 
than these two were detected (Fig 2, 
bottom). 

After receiving the diet from age 2 
years 8 months to 8 years 8 months, 
GA021-2 showed only mottling of the 
pigment epithelium with some increase 
in select areas of pigmentation. He did 
not develop any atrophic lesions (Fig 
4). 


COMMENT 


Genetic heterogeneity complicates 
evaluation of therapeutic approaches 
for GA.’ This includes heterogeneity in 
the OAT mutations causing GA (allelic 
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heterogeneity) with at least 26 OAT 
mutations now reported,” as well 
as normal variation in the genetic 
makeup of the patients (variation in 
genetic background). If this genetic 
heterogeneity is responsible for at 
least a portion of the range of pheno- 
typic severity of GA, there should be 
less variation between affected sib- 
lings than in the entire patient popula- 
tion. Our data on the older pairs of 
siblings with GA strongly support this 
hypothesis. The clinical features of 
each of the patients in the pedigrees 
GA007, GA018, GA019, and GA072 
closely resembled those of their sib- 
lings. The Sephardic Israeli brothers 
in GA019 had severe disease with ear- 
ly-onset night blindness, rapidly pro- 
gressive loss of visual function with 
severely restricted visual fields, early 
development of visually significant cat- 
aracts requiring surgical removal at 15 
and 20 years of age, markedly reduced 
maximum ERG amplitudes, and ad- 
vanced chorioretinal atrophy (Fig 5, 
top left and right). The affected Leba- 
nese Maronite siblings in GA007 are 
less severely affected with less rapid 
development of cataract, less reduc- 
tion in maximum ERG amplitude, and 
less peripheral chorioretinal atrophy 
(Fig 5, bottom left and right). Also, 
the phenotypes of the American black 
siblings in GA018 were similar, with 
both exhibiting extinguished ERGs, 
little or no cataract, and advanced 
chorioretinal atrophy that was some- 
what more severe in the brother than 
in his 12-year-younger affected sister. 
By contrast, the older siblings of 
Northern European origin in GA072 
were less severely affected. In fact, 
they were not diagnosed until ages 56 
and 61 years during the course of an 
evaluation for cataracts. 

Although the evaluation of the older 
pairs of siblings was useful in that it 
indicated a strong contribution of ge- 
netic heterogeneity to phenotypic vari- 
ability in GA, the extent of their reti- 
nal involvement makes assessment of 
the efficacy of any therapeutic inter- 
vention difficult. The younger pairs of 
siblings (GA008 and GA021), however, 
provided an excellent opportunity to 
evaluate the long-term effects of re- 
duction of ornithine on the progression 
of their chorioretinal atrophy. All were 
less than 10 years old when initially 
examined by us and each had substan- 
tial residual visual function and large 
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regions of normal-appearing retina at 
the time of the first visit. 

In evaluating the outcome of more 
than 5 years of substantial reduction of 
ornithine levels in these four young 
patients, we asked two questions: 
first, was there progression of the 
ocular disease; and second, how did the 
outcome of the younger member of 
each pair of siblings compare with the 
clinical picture of the older at the time 
in their lives when the older started 
receiving the arginine-restricted diet? 
At this point, the older siblings had not 
been receiving the diet at all, whereas 
the younger had been receiving it for 
more than half of their lives. The valid- 
ity of this comparison rests on the 
earlier conclusion that the phenotypic 
expression of GA is similar in affected 
members of a pair of siblings. 

As regards the question of progres- 
sion while receiving the diet, each of 
the older siblings showed some in- 
crease in the size of a few of their 
atrophic lesions during the 5- to 7-year 
study period. Furthermore, GA021-1 
developed bilateral posterior capsular 
lens opacities and GA008-1 had steady 
progression of myopia. Retinal func- 
tion studies and ERG responses re- 
mained relatively constant, with the 
possible exception of some decline in 
the light-adapted cone ERG responses 
of GA021-1 and -2. Both younger sib- 
lings had some progression of myopia 
and GA008-2 developed single atrophic 
lesions in each eye. Thus, we conclude 
that there was some progression in all 
four children during the study period. 
This could be the result of an irrevers- 
ible process already under way at the 
time of institution of the diet. Alterna- 
tively, it could reflect the fact that the 
ornithine levels of patients receiving 
the diet, although substantially re- 
duced, were not normal. Our goal was 
to maintain the plasma ornithine con- 
centration below 200 pmol/L. This was 
achieved in GA021 but not in GA008 
(Table 4). Finally, the modest progres- 
sion of the ocular abnormalities in 
these patients may simply indicate 
that systemic reduction of ornithine by 
diet does not have an effect on the 
ocular disease in GA. 

The answer to the second question is 
much clearer. The younger sibling in 
GA008, aged 9 years 11 months at the 
time of this writing, was 3 years older 
than her older sister was at the time of 
institution of an arginine-restricted 
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diet (6 years 4 months). Despite this, 
the extent of ocular involvement in 
GA008-2 was less than it was in 
GA008-1 at the point of comparison. 
Similarly, the younger sibling in 
GA021, aged 8!/2 years at the time of 
this writing, was less than 1 year 
younger than his older sister was at 
the time she started receiving the diet 
(9 years 4 months). GA021-2 received 
an arginine-restricted diet with nearly 
normal ornithine levels for 65 of his 102 
months of life whereas, at the age of 
comparison, his sister had no correc- 
tion of her hyperornithinemia. The ex- 
tent of ocular involvement in GA021-2 
as measured by psychophysical test- 
ing, myopia, lens involvement, and 
chorioretinal atrophy was less than in 
his sister (compare Fig 3, bottom, with 
Fig 4, top). 

From these results, we conclude 
that the two younger siblings with GA, 
both receiving the diet for more than 
half their lives, had less ocular involve- 
ment than their older siblings at com- 
parable ages. This conclusion, together 
with the expectation of phenotypic 
similarity in affected siblings, strongly 
suggests that long-term reduction of 
ornithine greatly slows the progres- 
sion of chorioretinal degeneration in 
GA. Additional studies with more 
young patients with GA, particularly 
pairs of siblings, will be necessary to 
confirm our conclusions. However, our 
results are encouraging and have im- 
plications for our understanding of the 
pathophysiologic mechanism of the ret- 
inal degeneration and the prospects for 
more direct therapies such as somatic 
gene therapy. Namely, these results 
suggest that it will not be necessary to 
express OAT in the retina to treat GA. 
Long-term systemic reduction of orni- 
thine, which could be accomplished by 
expression of OAT in any of a variety 
of sites, may suffice. 
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Progressive Enlargement of Laser Scars Following Grid Laser 
Photocoagulation for Diffuse Diabetic Macular Edema 


Howard Schatz, MD; Daniel Madeira, MD; H. Richard McDonald, MD; Robert N. Johnson, MD 


è Laser photocoagulation in a grid pat- 
tern is effective in many eyes in resolv- 
ing diffuse diabetic macular edema and 
stabilizing vision. We retrospectively 
studied 203 eyes of 203 patients, all of 
whom had diabetic macular edema treat- 
ed with grid laser photocoagulation. Dur- 
ing the follow-up period, 11 of these 203 
eyes developed enlargement of the laser 
scars that progressed into the central 
fovea. Each of the 11 eyes experienced 
loss of vision, and in five, the visual loss 
was significant. Five of these eyes also 
developed a retinal pigment hyperplastic 
scar. After the laser treatment, but before 
the scars enlarged, the visual acuity of 
these eyes was unchanged from that 
before treatment. But after the atrophic 
scars enlarged into the central fovea, 
visual acuity in one eye decreased from 
20/40 to 20/100, and the other 10 eyes 
had visual acuities of 20/200 or worse. 

(Arch Ophthalmol. 1991;109:1549-1551) 


Tre Early Treatment Diabetic Reti- 

nopathy Study has demonstrated 
the benefit of laser photocoagulation 
treatment for clinically significant focal 
diabetic macular edema.*? Treating 
eyes with diffuse diabetic macular ede- 
ma with a grid pattern of laser photo- 
coagulation does cause resorption of 
edema and stabilization of visual acu- 
ity; a small percentage of eyes have 
also experienced visual improve- 
ment.*” 

We herein report the results involv- 
ing complications of laser scar enlarge- 
ment following grid laser treatment for 
diffuse retinal vascular leakage and 
macular edema in 11 of 203 eyes of 203 
patients with diabetes. 


PATIENTS AND METHODS 


We retrospectively reviewed the history, 
visual acuity, slit-lamp and contact-lens ex- 
amination results, fundus photographs, and 
fluorescein angiograms of 203 eyes of 203 
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patients consecutively treated with grid 
laser photocoagulation for diffuse diabetic 
macular edema. Eleven (5.4%) of the 203 
patients with diffuse diabetic macular ede- 
ma developed significant progressive en- 
largement of the laser scars following treat- 
ment with grid laser photocoagulation 
(Table 1). 

None of the 11 eyes had undergone previ- 
ous laser treatment of the macular region, 
undergone previous retinal surgery (other 
than panretinal photocoagulation in four 
eyes), glaucoma, myopia of greater than 2.5 
diopters (Table 2), or any sign of age- 
related macular degeneration. Six eyes 
were phakic, two were aphakic, and three 
were pseudophakic. 

Each patient was treated with light to 
light-medium argon green laser photocoag- 
ulation. Spots of 100 um were placed ap- 
proximately 100 to 200 um apart in a grid 
pattern over the area of diffuse retinal 
vascular leakage 200 um from the perifo- 
veal capillary net in a manner described 
elsewhere.’ To produce a light to light- 
medium burn, 150 to 400 mW of power was 
used for 0.05 to 0.2 seconds. The longer 
duration (0.2 seconds) and the higher power 
(approaching 400 mW) were used when the 
media were not clear (due to cataract) or 
the retina was excessively edematous or 
thickened. The resultant photocoagulation 
lesions in each case, however, was light to 
light-medium. Three of the 11 eyes were 
retreated for persistent macular edema. 


REPORT OF A CASE 


A 48-year-old white woman (patient 6 in 
Table 1) with diabetes had undergone pan- 
retinal laser photocoagulation in her right 
eye for proliferative diabetic retinopathy. 
After 2 years, she had a visual acuity of 
20/50 OD. Fluorescein angiography re- 
vealed the presence of diffuse retinal vascu- 
lar leakage in the macula, causing signifi- 
cant cystoid macular edema (Fig 1A, B, and 
C). Argon-green grid laser photocoagula- 
tion was performed to produce light laser 
burns. Three months after laser treatment, 
her visual acuity was 20/40, and biomicros- 
copic examination showed significant reso- 
lution of the cystic macular edema (Fig 1D, 
E, and F). Seventeen months after laser 
treatment, the visual acuity remained 20/40 
and the macula was much less edematous. 
The laser lesions were seen to be small, 
fine, slightly pigmented, and well 
separated. 

Three years later, the visual acuity had 
decreased to 20/70. Examination deter- 
mined that the retinal pigment epithelial 
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(RPE) atrophy caused by the laser lesions 
had enlarged. Five years after laser treat- 
ment, the atrophic laser lesions had become 
so coalescent that much of the macula was 
atrophic. The visual acuity had decreased to 
20/200 (Fig 1G and H). 


RESULTS 


Eleven (5.4%) of 203 consecutive 
eyes developed progressive enlarge- 
ment of laser scars after grid laser 
photocoagulation treatment for diffuse 
diabetic macular edema (Table 1). The 
laser burns produced were light to 
light-medium in all patients. After la- 
ser treatment, fluorescein angiography 
revealed intact and perfusing macular 
capillaries in each eye. 

During the follow-up period, five 
eyes developed significant visual loss 
of two or more lines (Table 1, cases 1, 
6, 7, 10, and 11). Before grid laser 
photocoagulation, the visual acuity in 
the 11 eyes ranged from 20/40 to 
10/200. After the laser scar enlarge- 
ment, visual acuity ranged from 20/100 
to counting fingers. One eye went from 
20/40 before treatment to 20/100 after 
the development of scar enlargement. 
The 10 other eyes had visual acuity of 
20/200 or worse, and of these 10, six 
were 10/200 or worse. A retinal pig- 
ment hyperplastic scar formed in five 
of the 11 eyes. None of the patients 
developed progressive retinopathy, re- 
current macular edema, or progressive 
macular ischemia. Subsequent angio- 
grams failed to reveal any other causes 
of visual loss. 


COMMENT 


The most frequent cause of loss of 
visual acuity in patients with diabetes 
is macular edema due to either focal or 
diffuse retinal vascular leakage.“ Focal 
macular edema results from well-de- 
fined areas of leaking microaneurysms 
or dilated capillaries frequently associ- 
ated with lipoproteinaceous exudates. 
The edema can be successfully treated 
with laser photocoagulation. ** 

More problematic is macular edema 
that results from diffuse leakage of the 
retinal capillary bed in the macula.’ 
Cystoid macular edema is frequently 
present in these cases. Numerous 
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Table 1.—Eleven Eyes With Progressive Enlargement of Laser Scars After Grid Laser Photocoagulation * 




























































































































Patient No./ Visual Acuity 
Age, y/ ea 
Race/Sex Pretreatment Posttreatment Follow-up, Mo Comments 
1/60/0/Mt 20/100 20/320 38 RPE atrophy, 2 DD in size, includes central fovea; 
. some areas of RPE hyperplasia 

2/73/W/Mt 10/200 8/200 57 RPE atrophy, 2 DD in size, includes central fovea 

3/69/W/F 20/200 7/200 61 RPE atrophy, 1% DD in size, includes central fovea; 
e a few areas of pigment epithelial hyperplasia 

4/67/W/F __ 10/200 a 3/200 24 Px RPE atrophy, % DD in size, includes central fovea 

5/61/W/M 20/200 10/200 21 RPE atrophy, 1 DD in size, includes central fovea; 

A area of hyperplasia adjacent to fovea 

6/48/W/F 20/50 _ 20/200 E E 63 RPE atrophy, % DD in size, includes central fovea 

7/84/W/M ___ 20/100 : CF =e 84 RPE atrophy, 3 DD in size, includes central fovea 

8/84/W/F 20/300 e j CF ra 14 RPE atrophy, 2 DD in size, includes central fovea 

9/82/W/Ft 20/200 20/200 10 RPE atrophy, % DD in size, includes central fovea; 
- few areas of RPE hyperplasia 

10/68/W/M 20/100 20/300 E 7. 1 | RPE atrophy, 2 DD in size, includes central fovea; 

some areas of pigment epithelial hyperplasia 
11/58/W/F 20/40 20/100 132 RPE atrophy, % DD in size, includes central fovea 





* All cases were treated with argon-green laser photocoagulation. RPE indicates retinal pigment epithelium; DD, disc diameter; and CF, counting fingers. 


tUnderwent treatment a second time. 





Fig 1.—A, Red-free photograph of the right macula before grid laser 
photocoagulation treatment. The macula is edematous. Subtle cystic 
changes can be seen. B, Fluorescein angiogram of arteriovenous 
phase. The capillaries in the central macular area are dilated. Laser 
lesions (from previous panretinal photocoagulation) are present out- 
side the central macular area. C, Fluorescein angiogram of late phase. 
Note the severe cystoid macular edema resulting from a generalized, 
diffuse retinal vascular leakage of the macular capillaries. D, Right 
macula 3 months after grid laser photocoagulation treatment. Note the 
finely pigmented, small, discrete laser lesions fairly evenly and widely 
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dispersed in the central macular area. E, Fluorescein angiogram of 
later arteriovenous phase. Note the grid laser photocoagulation le- 
sions. F, Fluorescein angiogram of late phase. There is a mild amount 
of retinal vascular leakage but the cystic edema has disappeared. G, 5 
years after grid laser photocoagulation treatment. Note the area of 
atrophy in the central macula caused by coalescence of the grid laser 
lesions. H, Fluorescein angiogram of late arteriovenous phase. Note 
the area of atrophy in the central macula caused by spreading and 
coalescence of the laser atrophy. 
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Grid ——————> Atrophy 





Fig 2.—Schematic drawing of sequential 
change of grid laser spots progressing to cen- 
tral retinal pigment epithelial atrophy. 


Table 2.—Refractive Errors of 
Study Eyes* 


Patient Refraction, 
No. diopters 


—2.25 s 
+0.75 s 

+0.50c X 75° 
+13.75 s 

—1.00 c X 125° 
—2.00 s 

+1.25 c X 125° 
+1.25s 

+1.00 c X 78° 
—2.25 s 
—2.76s 

+3.00 c X 95° 
+6.00 s 

—1.00 c X 90° 
+12.75 s 

—0.75 c X 95° 
+0.50 s 

— 1.00 c X 80° 
+2.75 8 

—1.50 c X 10° 


* s indicates spherical, and c, cylinder. 


Lens Status 


Phakic 
Phakic 





Aphakic 
Pseudophakic 
Phakic 


Phakic 
Phakic 


Pseudophakic 


Aphakic 


Pseudophakic 


Phakic 





studies have shown that grid laser 
photocoagulation treatment is useful 
for eyes with diffuse retinal vascular 
leakage and cystoid macular edema.*”” 
These studies show a trend toward 
resorption of the cystoid macular ede- 
ma and an improvement in vision in 
17% to 45% of eyes.”*"”’ Most of these 
studies involve only short follow-up 
periods. Our 11 patients were followed 
up for at least 10 months (range, 10 to 
132 months), with a mean of 52.8 
months. 

Eleven (5.4%) of 203 eyes in this 
study experienced progressively ex- 
panding laser scars that resulted in 
RPE atrophy following treatment with 
grid laser photocoagulation. Further- 
more, this atrophy expanded into the 
central fovea, causing significant visu- 
al loss (Fig 2); five patients lost two or 
more lines, and visual acuity of the 
other six decreased to very poor (Table 
il): 

Progressive atrophic enlargement of 
laser scars has been reported following 
specific (not grid) laser photocoagula- 
tion for other disorders. Yannuzzi and 
coworkers” described progressive 
RPE atrophy, or “runoff,” in patients 
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with pathologic myopia treated for 
subretinal neovascularization. Rice 
and coworkers” noted that progressive 
pigmentary changes develop at the 
edges of laser photocoagulation scars 
after treatment of subretinal neovas- 
cularization in the presumed ocular 
histoplasmosis syndrome. Morgan and 
Schatz" reported that 70% (122 of 174) 
of laser scars in patients with age- 
related macular degeneration treated 
for subretinal neovascularization 
showed an increase in the size of the 
original laser scar from 50 to 1016 um 2 
to 81 months after treatment. Visual 
acuity was reduced in three of the four 
cases in which the enlarging laser scar 
crossed the central fovea. In all three 
of these studies, the heavy, confluent, 
and specific (not grid) laser photocoag- 
ulation used for the treatment of 
subretinal neovascularization resulted 
in an enlarged area of RPE atrophy. 

In our series, laser spots of light to 
light-medium intensity were placed in 
a grid pattern throughout the macula 
up to the edge of the perifoveal capil- 
lary net. Expansion of the RPE atro- 
phy caused by the laser lesions oc- 
curred in 11 of 203 eyes. Five eyes also 
had a hyperplastic RPE response, 
which could contribute to loss of vision. 
Although it may be possible that these 
complications are avoided by using la- 
ser burns of very mild intensity, wider 
spacing between the laser burns, and 
no treatment to the perifoveal capil- 
lary net, treatment of all the patients 
met the Early Treatment Diabetic Re- 
tiopathy Study standards that recom- 
mend light to medium-light laser 
burns. 

Eight of the 11 eyes were treated 
only once. Three eyes were retreated 
for persistent diffuse macular edema. 
These three eyes, however, did not 
differ in preoperative or final visual 
acuity or length of follow-up from the 
eyes treated only once. 

Although the 203 patients were from 
a wide age range—mid-30s to mid- 
80s—our 11 patients ranged in age 
from 48 to 84 years, with a mean age of 
68.5 years; 10 were 58 years of age or 
older. Perhaps the tendency toward 
expanding atrophy of the laser lesions 
is related to the age of the patients and 
the effect of laser on older pigment 
epithelium. Eight eyes had visual acu- 
ity of 20/100 or worse before surgery. 
It is possible that in addition to intra- 
retinal fluid (retinal edema), these 
eyes also had some degree of subre- 
tinal fluid in the macula that contribut- 
ed to the atrophy of the RPE. 

It is important to consider the poten- 
tial for expanding RPE atrophy with 
significant visual loss following grid 


laser photocoagulation when weighing 
the risks and benefits of such laser 
treatment in patients with diabetes 
who also have diffuse macular edema. 
It is also possible that with a longer 
follow-up period, more eyes will devel- 
op an increase of laser scar size and 
loss of visual acuity. 


This study was supported by the Retina Re- 
search Fund of St Mary's Hospital and Medical 
Center, San Francisco, Calif, and through a grant 
from the Wayne and Gladys Valley Foundation, 
San Ramon, Calif. 
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Familial Aggressive Nevi of the Iris in Childhood 


Dion Paridaens, MD; Christopher J. Lyons, FRCS; Alison McCartney, MRCPath, FCOphth; John L. Hungerford, FRCS 


e We report the occurrence of amela- 
notic melanocytic tumors of the iris aris- 
ing in the second decade of life in two 
successive generations. Clinically, both 
tumors enlarged rapidly, with subse- 
quent enucleation of the eye in one pa- 
tient. In both cases, histologic examina- 
tion revealed an aggressive iris nevus 
composed of spindle A cells. Both le- 
sions had similar argyrophilic nucleolar 
organizing region counts, which may be 
of prognostic significance. A possible 
autosomal-dominant pattern of inheri- 
tance for this rare tumor is discussed. 

(Arch Ophthalmol. 1991;109:1552-1554) 


familial distribution of intraocular 

melanocytic tumors is uncommon. 
Only 13 cases of familial melanoma 
arising from the choroid or ciliary body 
have been reported."” To the best of 
our knowledge, a familial distribution 
of melanocytic tumors of the iris has 
not been previously described. A 
mother and son were treated at Moor- 
fields Eye Hospital for rapidly enlarg- 
ing amelanotic melanocytic iris tumors 
occurring in the second decade of life. 


REPORT OF CASES 


CASE 1.—In October 1957, a 10-year-old 
white girl underwent excision of a small 
amelanotic tumor situated on the iris of her 
right eye at the 4-o’clock position that was 
reported to be an incompletely excised 
amelanotic melanoma. Twelve months lat- 
er, small clumps of pigment were noted at 
the limbus adjacent to the site of exci- 
sion. The patient was then referred to Moor- 
fields Eye Hospital, London, England, for 
treatment of the recurrence. There was no 
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known family history of cancer. Biopsy 
specimens, obtained in December 1958, 
showed what was described as malignant 
melanoma of the iris, corneoscleral junc- 
tion, and ciliary body. As a result, the right 
eye was enucleated 1 month later. Exami- 
nation of the enucleation specimen showed 
an amelanotic malignant melanoma, consist- 
ing of well-differentiated spindle cells (Fig 
1). The lesion had spread across the surface 
of the iris (Fig 2) and involved an area of 
more than 180°. There was no extraocular 
extension and no abnormality in the remain- 
der of the eye. 

When last examined in June 1990, the 
patient was free of disease and there was no 
evidence of dysplastic nevus syndrome. Re- 
cently, two ocular pathologists indepen- 
dently reviewed histopathologic slides of 
the iris lesion and described it as an amela- 
notic tumor of the iris, which would cur- 
rently be regarded as an aggressive iris 
nevus with a surface plaque component 
rather than a true malignant melanoma. 
This distinction is made on the basis of 
previous large series of such tumors and is 
discussed more fully below. 

CASE 2.—Patient 1’s 14-year-old son was 
referred to Moorfields Eye Hospital in Au- 
gust 1989. A small patch had been noted on 
the iris of his left eye 3 months earlier and it 
had since enlarged. On examination, visual 
acuity was 6/9 in both eyes. There was a 
raised yellowish vascular tumor at the 4- 
o'clock position: in the iris that did not 
involve the iris root. The clinical appear- 
ance suggested an amelanotic malignant 
melanoma. 

The tumor was measured with the slit 
lamp (2.48.2 mm) and anterior segment 
photographs were taken (Fig 3) as a base- 
line for follow-up. Again, there was no 
evidence of dysplastic nevus syndrome. 
When the patient was examined in April 
1990 the lesion had enlarged to 2.9 x 4.3 mm 
and “endothelial touch” was noted. The 
intraocular pressure and visual acuity were 
unchanged. The lesion was excised in June 
1990 by sector iridectomy with a wide clear- 
ance of iris on either side of the tumor. The 
eye settled rapidly after surgery and the 
visual acuity remained unchanged. The his- 
tologic structure of the tumor was re- 
viewed independently by two pathologists. 
It showed a tumor similar to the one in the 
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patient’s mother in that it was an aggres- 
sive iris nevus with a surface plaque that 
would previously have been described as 
malignant melanoma (Fig 4). In this case, 
the cytologic appearance of the tumor was 
slightly more benign than that of the moth- 
er’s tumor. 

An objective method of evaluating the 
malignancy of various neoplasms is silver 
staining of nucleolar organizer regions 
(NORs). These NORs have been shown to 
be loops of DNA that encode for ribosomal 
RNA. The silver staining technique shows 
argyrophilic  NOR-associated proteins 
(AgNORs), which are seen in nuclei as 
black dots. A recent study of AgNORs in 
iris melanocytic tumors” showed that a 
mean AgNOR count greater than four dots 
per nucleus was seen only in malignant 
lesions, thereby distinguishing between be- 
nign and malignant tumors. While a high 
AgNOR count may be indicative of malig- 
nant melanoma, a low count can be found in 
both benign and malignant iris lesions. The 
AgNORs in the specimens of both cases 
were counted. 


MATERIALS, METHODS, AND RESULTS 


The formalin-fixed and paraffin-embed- 
ded tissue (biopsy specimens and enucle- 
ated eye) was cut into sections and rehy- 
drated via xylene and graded alcohol. The 
sections were processed to demonstrate 
AgNORs at room temperature for 30 
minutes. 

The reaction mixture comprised 2% gela- 
tin in 1% aqueous formic acid. This was 
mixed in a proportion of 1:2 volumes with 
50% aqueous silver nitrate under dark room 
conditions. After staining, the sections 
were exposed to xylene and mounted in 
synthetic medium. They were examined 
using an oil immersion lens at a magnifica- 
tion of 2000, and 100 nuclei were studied 
per slide. 

The mean AgNOR count in case 1 was 
4.35 per nucleus. In case 2, the mean 
AgNOR count was 3.86 per nucleus (Fig 5). 


COMMENT 


One of the most controversial intra- 
ocular tumors is iris “melanoma,” 
which accounts for fewer than 10% of 
all uveal malignant melanomas.” The 
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Fig 1.—Case 1. Enucleation specimen: invasion into vascularized Fig 2.—Case 1. Aggressive iris nevus with surface plaque (arrow- 
cornea by clumps of spindle cells (arrowhead) from iris tumor following head), extending around the angle and onto the posterior cornea. 
previous biopsy (hematoxylin-eosin, original magnification x 140). Celloidin section (hematoxylin-eosin, original magnification x 65). 





Fig 3.—Case 2. Anterior-segment photograph of the raised vascular 
tumor at the 4-o’clock position in the iris of the left eye. toxylin-eosin, original magnification x 220). 








Fig 5.—Case 2. Silver staining of the iris tumor shows argyrophilic 
nucleolar organizing regions (AgNORs), seen as black dots in the 
nuclei (arrowheads). The mean AgNOR count is 3.86 per nucleus 
(hematoxylin-eosin, original magnification 720). 
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classification of melanocytic iris tu- 
mors remains a challenge to both the 
ophthalmologist and ocular pathologist 
since no clear distinction between ma- 
lignant melanoma of the iris and be- 
nign iris nevus can be made. Histologi- 
cally, melanocytic iris tumors are most 
commonly composed of spindle A cells. 
Several authors” have commented 
that some iris melanomas are in fact 
biologically benign, progressive, or ac- 
tive nevi and should be reclassified 
accordingly. Rones and Zimmerman” 
believed that even in cases of local 
invasion, pigmented lesions with a 
benign cytologic nature cannot 
metastasize. 

Kersten et al,“ however, stressed 
that iris melanomas are not more be- 
nign by nature than other uveal mela- 
nomas and that their better prognosis 
is due to their smaller volume and 
earlier detection made possible by 
their more obvious location. 

The classification of iris melanocytic 
lesions into nine categories by Jacobiec 
and Silbert” pivots around the sixth 
group, which they called “borderline 
spindle nevus.” Borderline or aggres- 
sive nevi have a cytologic benign na- 
ture, but may spread locally, which 
was illustrated in both cases. In the 
mother’s case, the aggressive nature 
or propensity for local invasion and 
spread over the surface of the iris or 
into the angle had apparently been 
augmented by the previous surgery, 
which led to spread of the tumor along 
the plane of the incision toward the 
limbus. After enucleation at age 
10 years, she remained free of disease. 
This 43-year interval suggests that the 
original iris lesion had low metastatic 
potential. 

The son’s histologic features showed 


1. Sileock AQ. Hereditary sarcoma of the eye- 
ball. Trans Pathol Soc Lond. 1892;43:140-141. 

2. Parsons JH. Some anomalous sarcomata of 
the choroid. Trans Ophthalmol Soc U K. 
1905;25:205-211. 

3. Pfingst AO, Graves S. Melanosarcoma of the 
choroid occurring in two brothers. Arch Ophthal- 
mol. 1921;50:431-439. 

4. Davenport RC. Family history of choroidal 
sarcoma. By J Ophthalmol. 1927;11:443-445. 

5. Waardenburg PJ. Melanosarcoma van het oog 
bij verschillende leden eener zelfde familie. Ned 
Tijdschr Geneeskd. 1940;84:4718-4719. 

6. Bowen SF, Brady H, Jones VL. Malignant 
melanoma of the eye occurring in two successive 
generations. Arch Ophthalmol. 1964;71:805-806. 

7. Lynch HT, Anderson DE, Krush AJ. Heredi- 
tary and intraocular melanomas. Cancer. 
1968;21:119-125. 

8. Tasman W. Familial intraocular melanoma. 
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incomplete excision of the iris tumor, 
so we expect this tumor to spread 
across the iris while being unlikely to 
metastasize. This patient will there- 
fore need to be followed up regularly. 

The use of the AgNOR count may 
help in predicting which tumors may 
have a greater propensity to spread 
and metastasize. Both tumors ap- 
peared to have a comparable AgNOR 
count of approximately four dots per 
nucleus, suggesting a similar cytologic 
nature and borderline degree of 
malignancy." 

In cases 1 and 2, the melanocytic iris 
tumors were amelanotic, which is un- 
common since 90% of such lesions have 
some degree of pigmentation." Ame- 
lanotic melanocytic tumors of the iris 
must be distinguished from leio- 
myoma, metastatic tumor, and granu- 
lomatous iridocyclitis.” 

Both tumors were situated at the 
4-o’clock position in the iris. Several 
authors" have reported a tendency 
for iris tumors to arise in the inferior 
iris, especially in the inferotemporal 
quadrant. The greater exposure to 
light of the inferior iris may be a 
contributory factor." 

Oosterhuis et al” have suggested 
that tumors in patients with heredi- 
tary forms of cancer may have an 
earlier age of onset. Our patients were 
markedly younger than 40 to 45 years, 
which is the average age of onset of 
melanocytic iris tumors. Several au- 
thors have reported the familial occur- 
rence of uveal melanoma, suggesting a 
hereditary basis for this tumor in par- 
ticular families." Falls considered 
choroidal malignant melanoma to have 
a dominant inheritance pattern. 

Lynch et al’ believed that although 
most cases are sporadic, those that 
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occur within a family show an autoso- 
mal-dominant transmission pattern. 
Incomplete gene penetrance and par- 
tial expressivity” may obscure this 
pattern. A total of only 13 families in 
whom two or more members had cho- 
roidal or ciliary body melanomas have 
ever been described.” This small 
number of cases is insufficient to estab- 
lish a definite hereditary pattern. To 
our knowledge, a familial distribution 
of aggressive iris nevi has not previ- 
ously been reported. In our patients, 
the probability of two clinically and 
histologically similar rare tumors oc- 
curring at a similar age in two succes- 
sive generations by chance alone is 
exceedingly low, suggesting that some 
form of genetic transmission has 
occurred. 

It is possible that in cases of familial 
uveal melanoma, the predisposition to 
develop these tumors is transferred 
genetically, requiring some unknown 
environmental factor for phenotypic 
expression. 

Several reports™™ mentioned the fa- 
milial occurrence of intraocular and 
cutaneous melanoma in patients with 
the autosomal-inherited dysplastic ne- 
vus syndrome, suggesting that there 
may be an etiologic link between these 
two malignancies. There was no evi- 
dence of dysplastic nevi or double pri- 
mary tumors in this family. Although a 
familial distribution of melanocytic iris 
tumors is uncommon, it is probably 
underdiagnosed and reported. 
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Eyelid Movements in Facial Paralysis 


Patrick A. Sibony, MD; Craig Evinger, PhD; Karen A. Manning, PhD 


è We studied the eyelid movements of 
six patients with unilateral, isolated, fa- 
cial paralysis using the magnetic search 
coil. The most significant abnormality 
consisted of a reduction in the magni- 
tude of the orbicularis oculi contraction 
with slowing of the peak velocity of the 
closing phase of the blink. The closing 
phase blink velocity, which normally in- 
creases linearly as a function of ampli- 
tude (main sequence), in our patients 
displayed a relationship characterized by 
a slow saturating power function that fell 
off the main sequence. The contralateral 
normal lid in some cases can show adap- 
tive signs of hyperactivity during the 
closing phase of the blink. Lid saccades 
showed a small but consistent decrease 
in amplitude and velocity compared with 
the contralateral unaffected eyelid. Un- 
like the closing phase of the blink, peak 
velocities of lid saccades stayed on the 
main sequence. In this study, we discuss 
how the eyelid executes downward lid 
saccades based purely on a passive 
mechanism. 

(Arch Ophthalmol. 1991 ;109:1555-1561) 


Movement of the upper eyelid is 

produced by the activity of two 
reciprocally acting muscles: the levator 
palpebrae superioris (LPS) and the 
orbicularis oculi (OOc). The closing 
phase of the blink is the result of a 
phasic contraction of the OOc associat- 
ed with a momentary pause in the 
tonic activity of the LPS; the opening 
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phase begins with cessation of OOc 
activity and resumption of LPS tone. 
In contrast to other body movements 
that are usually controlled by the ac- 
tions of agonist-antagonist pairs, the 
eyelid movements that accompany 
changes in vertical eye position are 
unique, in that they are governed by 
the activity of the LPS alone. Electro- 
myographic (EMG) studies have 
shown that the tonic activity of the 
LPS increases in upward gaze and 
decreases in downward gaze.“ 

The eyelid movements that accom- 
pany vertical eye saccades have trajec- 
tories and peak velocities very similar 
to eye saccades themselves, prompting 
Becker and Fuchs’ to coin the term “lid 
saccades.” There are no consistent dif- 
ferences between the trajectories of 
upward and downward saccadic move- 
ments of the eyelid,”’ and yet the 
mechanism producing each is quite dif- 
ferent. Where the trajectory of the 
upward lid saccade can be explained by 
a burst-tonic pattern of activity in the 
LPS, the explanation for the trajec- 
tory of the downward lid saccade has 
been problematic because there is no 
associated EMG activity in the OOc.”" 

A variety of downward forces oppos- 
ing the LPS have been proposed to 
explain the downward lid movement. 
They include (1) gravitational forces; 
(2) frictional dragging of the lid by the 
globe; (3) undetected phasic bursts of 
OOc activity; and (4) passive elastic 
forces. 

Gravitational forces on the eyelid 
would appear to have little effect be- 
cause eyelid movements are said to 
remain unchanged when standing up- 
side down.” Likewise, mechanical cou- 
pling between the globe and lid on 
downward gaze probably also plays a 
small role, if any, because taping the 
lid away from the globe has no effect 


on saccadic eye velocity” and changing 
the viscosity of the ocular surface has 
minimal effects on downward lid move- 
ments.” To account for the peak veloci- 
ties of the downward lid saccade, it has 
been suggested that a phasic contrac- 
tion of the OOc must exist, despite the 
fact that EMG studies of the OOc 
during vertical lid saccades have failed 
to document any signs of activity.°7""" 
While Evinger et al’ and others' have 
observed small, inconsistent bursts of 
EMG activity in the OOc during both 
upward and downward lid saccades, 
such bursts are only seen with large- 
amplitude saccades, develop only after 
the lid has started its descent, and 
cease before completion of the lid 
saccade. 

The force that probably plays the 
most important role is generated by 
the passive downward elastic proper- 
ties of the eyelid. Kennard and Smyth” 
have shown that the force required to 
elevate the eyelid from downward gaze 
increases exponentially as a function of 
upward displacement, that is, lid stiff- 
ness increases as the lids are elevated. 
These logarithmic properties suggest a 
group of parallel elastic elements that 
are successively called into play." 

To better define the role of the OOc 
in vertical eyelid movements, we stud- 
ied a group of patients with unilateral 
facial paralysis. 


SUBJECTS AND METHODS 
Subjects 


Six patients (four women, two men) be- 
tween ages 28 and 47 years, with unilateral, 
isolated, facial neuropathies were studied. 
The causative factors included Bell’s palsy 
(patients 1, 2, 5, and 6), Lyme disease 
(patient 3), and diabetes (patient 4). All 
patients underwent complete ophthalmic 
and neurologic examinations. All patients 
had grade IV (patients 1, 2, and 4 through 
6) to grade V (patient 3) dysfunction based 
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on the House and Brackmann” grading 
system, demonstrating an incomplete clo- 
sure of the eyelid during blinks and forced 
lid closure. Patients were fully informed 
about the experimental procedures, and 
provided written consent in accordance 
with State University of New York-Stony 
Brook policy for testing human subjects. 


Measurement of Lid Position and 
Velocity and EMG Activity 


The methods used in this study have been 
described in more detail elsewhere.” Brief- 
ly, a magnetic search coil (DC-300 Hz, CNC 
Engineering, Seattle, Wash) was used to 
record eyelid movements. A nonstick (coat- 
ed with Teflon) wire coil (model 7910, AM 
Systems, Everett, Wash) was taped to the 
center of the lower margin of the upper 
eyelid. As the eyelid rotated over the ocular 
surface, the eyelid coil produced a voltage 
that was proportional to eyelid position, 
The system was capable of detecting lid 
rotations as small as 0.25°, equivalent to a 
lid movement of 0.05 mm. To correlate the 
magnetic search coil’s output with lid posi- 
tion, the subject fixated on different points 
along the vertical meridian, while the inves- 
tigator measured the angle of lid rotation 
with a protractor. 

Two miniature silver electrodes (<2 mm 
in diameter) taped to the lateral and medial 
portions of the upper lid near the lower 
margin monitored OOc muscle activity (300 
Hz to 5 KHz; amplifier model 1700, AM 
Systems). A third gold-cup electrode (9 mm 
in diameter, Grass Instrument Co, Quincy, 
Mass) taped to the forehead served as a 
ground. To evoke reflex blinks, two addi- 
tional skin electrodes (Grass) were taped 
over the supraorbital branch of the trigemi- 
nal nerve. One electrode was attached to 
the brow over the nerve as it exited the 
skull, and the second was placed 1 cm above 
the first. Prior to electrode application, the 
skin under the electrodes was cleaned with 
alcohol and all electrodes were coated with 
conductive paste (EC 2 Electrode Cream, 
Grass). 


Procedure 


In all conditions, the subjects faced a 
screen 116 cm from the eyelids with their 
heads maintained in a constant position 
parallel to the screen. Directly in front of 
the subject, a laser-generated red light at 
eye level was projected onto the screen and 
served as a fixation target. The following 
types of lid movements were recorded: vol- 
untary, reflex blinks, and those accompany- 
ing vertical saccadic eye movements. Vol- 
untary blinks occurred, and were recorded, 
when the subjects heard a computer-gener- 
ated tone (20 trials) at interstimulus inter- 
vals ranging between 1 and 7 seconds. To 
obtain reflex blinks, the supraorbital nerve 
received 160-microsecond electrical stimula- 
tions of 1.5 to 4 mA (models A310 and 
A360R, WPI, New Haven, Conn). The ex- 
act parameters were established for each 
subject, and adjusted so as to evoke blinks 
in the normal eye with a variety of ampli- 
tudes. The computer triggered 15 reflex 
blinks, with an interstimulus interval rang- 
ing pseudorandomly from 12 to 18 seconds. 
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To produce saccadic lid movements, the 
subjects visually followed computer-con- 
trolled movements of the laser spot along 
the vertical meridian. A mirror galvanom- 
eter system (model CX6325, General Scan- 
ning, Watertown, Mass) moved the laser 
spot in steps of 4.5° to 27° of visual angle 
from initial positions in the range of 13.5° 
above to 13.5° below the horizontal merid- 
ian every 2 to 4 seconds. The sequence of 
100 target positions were balanced, so that 
equal numbers of target steps occurred 
below and above the straight-ahead posi- 
tion. The entire procedure took less than 
1 hour. 


Data Collection and Analysis 


Data were collected and stored on a per- 
sonal computer for off-line analysis. Lid 
position and EMG activity in the OOc were 
sampled at 5000 Hz with 12-bit precision. 
For analysis, the computer displayed lid 
position, lid velocity (digitally calculated 
from the lid position record), and the recti- 
fied EMG activity in the OOc for each trial. 
For blinks and saccadic lid movements, the 
investigator marked the beginning and end 
of EMG activity in the OOc. For all lid 
movements, the investigator identified the 
maximum down-phase (closing phase) ve- 
locity, the maximum up-phase (opening 
phase) velocity, the beginning of the blink 
or lid saccade, the maximum downward lid 
excursion, and the end of the blink or lid 
saccade. From these points, the computer 
calculated and stored down- and up-phase 
blink amplitude or saccade amplitude, cor- 
rective saccade amplitude, duration, maxi- 
mum velocity, latency from EMG activity in 
the OOc to blink onset, and the integrated 
EMG activity in the OOc. Velocity-ampli- 
tude figures depicting data obtained from 
blink experiments pooled the data from 
both voluntary and reflex blinks. 


Controls 


Eyelid movements of patients with facial 
paresis were compared with a group of 
normal subjects who were concurrently 
studied under identical test conditions. The 
results from these normal subjects have 
been reported elsewhere." Figures depict- 
ing the results from our patients will, 
where appropriate, also show results ob- 
tained from our normative database. The 
contralateral unaffected eyelid was also 
used as an additional control in three of the 
six patients studied (patients 3, 5, and 6). 


Videotape Analysis 


In an attempt to correlate the quantita- 
tive data with clinical observations, three of 
the six patients were videotaped at close 
range, using a standard commercially avail- 
able video camera. Videotapes were then 
used to compare the movements of the 
normal and the affected eyelid. 


RESULTS 
Blinks 


The trajectories of the normal and 
paretic blink are illustrated in Fig 1. 
Visual inspection of individual records 
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shows that the EMG activity in the 
OOc was greatly diminished in magni- 
tude, reducing the peak velocity of the 
closing phase. The effect varied from 
one patient to another. For example, 
small-amplitude blinks still occurred in 
three patients, despite the complete 
absence of any detectable EMG activi- 
ty in the OOc. The EMG activity in the 
OOc normally precedes downward lid 
motion by 10 to 15 milliseconds (Fig 1, 
left)"; however, in the three remaining 
patients in whom EMG activity in the 
OOc was detected, its onset, relative 
to the start of downward lid motion, 
was delayed. For example, in one pa- 
tient the onset of EMG activity in the 
OOc was detected simultaneously with 
the onset of eyelid motion; in two other 
patients, EMG activity in the OOc 
developed 5 to 25 milliseconds after the 
start of downward eyelid motion (Fig 
1, right). 

The peak velocity of both the closing 
and opening phase of the blink normal- 
ly increases as a linear function of 
amplitude. The slope of the closing 
phase is nearly twice that of the open- 
ing phase“ (Table 1). The normal veloc- 
ity-amplitude relationship, referred to 
as the “main sequence”,” is shown in 
the velocity-amplitude plots as a pair 
of fine dotted lines defined to include 
95% of the recorded peak velocities at 
any given amplitude. The normative 
data, based on a study of nine subjects, 
has been published elsewhere." Peak 
velocities that consistently fell outside 
this range were considered abnormal. 

Figure 2, left, summarizes the peak 
velocities and amplitudes of the closing 
phase in the abnormal eyelid of all six 
patients in this study. That our pa- 
tients were incapable of completely 
closing the affected eyelid is shown by 
the profound reduction in the range of 
blink amplitudes. Whereas normal 
subjects displayed amplitudes that 
range from 2° to 60°,“ our patients’ 
closing phase rarely exceeded 15° (Fig 
2, left). This decrease in the size of the 
blink was accompanied by an equally 
significant reduction in peak velocities. 
For example, the normal peak velocity 
for the closing phase is about 400° per 
second for a 15° blink. Our patients’ 
closing phase velocity was only 100° 
per second for an equal amplitude blink 
(Fig 2, left). 

Although the maximum velocities of 
the closing phase in the paretic eyelid 
increased as a function of blink size, 
they did so at a slower rate of increase 
that clearly fell off the main sequence. 
The nature of the velocity-amplitude 
relationship was transformed. Instead 
of the linear function seen in normal 
subjects," the velocity-amplitude rela- 
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Fig 1.—Left, Eyelid position, velocity, and rectified electromyographic activity in the orbicularis oculi of a typical normal 
voluntary blink. Arrows mark the closing phase, the opening phase, amplitude, and peak upward and downward velocities. 
Note that the onset of the electromyographic activity in the orbicularis oculi precedes eyelid motion. Right, A typical paretic 
blink, approximately 10° in amplitude, showing diminished electromyographic activity in the orbicularis oculi and slowing of 
the normally rapid closing phase. Eyelid motion starts before the onset of electromyographic activity in the orbicularis oculi. 
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Fig 2.—Left, Peak velocities and amplitudes for the closing phase of the blink based on data obtained from all six patients. 
Dotted lines represent the normal range based on data reported elsewhere"; dashed line, the regression line for the paretic 
eyelid. Plus signs indicate patient 1; triangles, patient 2; squares, patient 3; circles, patient 4; inverted triangles, patient 5; 
and diamonds, patient 6. Right, Peak velocity-amplitude plot for the closing phase of the blink based on data obtained from 
both the paretic (open symbols) and the unaffected eyelid (solid symbols) of patients 3 (squares), 5 (triangles), and 6 


(diamonds). 


tionship in our patients was best char- 
acterized by a slow saturating power 
function: y= 40.39" (Fig 2, left, and 
Table 1). Analysis of covariance 
showed that while there was no statis- 
tical difference between each of the six 
patients with facial paralysis, there 
was a significant difference between 
the paretic eyelid of the patient group 
and the normal controls (P<.001). 

The unaffected eyelid in two of our 
patients with facial paralysis was also 
abnormal. Figure 2, right, summarizes 
data obtained from both eyelids re- 
corded simultaneously in patients 3, 5, 
and 6. The data from the paretic lid are 
displayed as open symbols (confined to 
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the lower left corner of the plot) and 
those from the unaffected lid are rep- 
resented by closed symbols. Patients 3 
and 5 had peak velocities from the 
unaffected side that were consistently 
above and outside of the normal range, 
suggesting that the OOc may be hyper- 
active during the closing phase of the 
blink. Patient 6, however, had peak 
velocities consistently within the nor- 
mal range. 

There was an equally significant de- 
crease in the amplitudes of the opening 
phase. The peak velocities of the open- 
ing phase were all on the main se- 
quence, and were linearly related to 
amplitude (y=9.74a +34) but not sta- 


Table 1.—Peak Velocity-Amplitude 
Regression Equations 


Down Up 





Blink 
Normal 


Paretic 


Saccades 
Normal" y = 45.13x°59° 


y = 6117x988 


y = 29.2x —35.9 y= 13.5x — 5.87 


y = 40.4x°978 y = 9.74x + 34 


y = 13.3x + 14.8 


Paretic y = 10.3x + 55.1 





tistically different from the normal 
subjects (Fig 3 and Table 1). 


Lid Saccades 


The maximum velocities for both 
upward and downward lid saccades 
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Fig 3.— Peak velocity-amplitude plot showing the opening phase of the 
paretic eyelid based on data obtained from all six patients. Dotted lines 
represent the normal range based on data reported elsewhere." Plus 
signs indicate patient 1; triangles, patient 2; squares, patient 3; circles, 
patient 4; inverted triangles, patient 5; and diamonds, patient 6. 


Fig 4.—Peak velocities and amplitudes for upward lid saccades re- 
corded from the paretic eyelid of all six patients. Dotted lines represent 
the normal range based on data reported elsewhere." Plus signs 
indicate patient 1; triangles, patient 2; squares, patient 3; circles, 
patient 4; inverted triangles, patient 5; and diamonds, patient 6. 
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Fig 5.—Peak velocities and amplitudes for downward lid saccades 
recorded from the paretic eyelid of all six patients. Dotted lines repre- 
sent the normal range based on data reported elsewhere." Plus signs 
indicate patient 1; triangles, patient 2; squares, patient 3; circles, 
patient 4; inverted triangles, patient 5; and diamonds, patient 6. 
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Fig 6.—Eye position and velocity of a downward lid saccade recorded 
simultaneously from both eyelids to a step target of 17.6°. The electro- 
myographic activity in the orbicularis oculi recorded from the normal 
eyelid shows no associated activity. 


increased as a function of amplitude 
(Figs 4 and 5). Compared with the 
normative database values, lid sac- 
cades appeared to be normal. Peak 
velocities for upward lid saccades were 
linearly related to amplitude 
(y =10.3x +55) well within the normal 
range (Fig 4, Table 1). Similarly, the 
velocity-amplitude relationship for 
downward lid saccades, characterized 
by a power function (y=61.17x"™), 
also with few exceptions were within 
the range of normal subjects (Fig 5 and 
Table 1). The difference between our 
patients and the normal subjects was 
not statistically significant. 

Clinical observations failed to dis- 
close any apparent disturbances in the 
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eyelid movements that accompanied 
vertical eye saccades. However, on 
viewing sequential single frames from 
the videotapes, the paretic lid lagged 
behind the normal lid. The final posi- 
tion of the upper lid on completing the 
saccade remained slightly higher than 
the normal lid even after completion of 
the postsaccadic adjustments. It ap- 
peared that both amplitude and veloci- 
ty were slightly smaller and slower on 
the paretic side. 

Using the contralateral unaffected 
eyelid as a control, comparison of indi- 
vidual recordings confirmed that there 
was an asymmetry between eyelids. 
For example, Fig 6 shows a simulta- 
neously recorded downward lid sac- 
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cade from both eyelids in response to a 
target step of 17.6°. While there was 
no difference in latency, the paretic 
eyelid was substantially smaller in am- 
plitude and peak velocity than the nor- 
mal eyelid. The final position of the 
affected eyelid failed to descend to the 
same level as the normal eyelid. 

Figure 7 summarizes the peak veloc- 
ities and amplitudes for downward lid 
saccades from both eyelids of patients 
3, 5, and 6; the open symbols represent 
the unaffected eyelid and the closed 
symbols represent the paretic eyelid. 
Despite the fact that both eyelids, for 
the most part, are within the normal 
range, there is a tendency for the 
unaffected lid to exhibit velocities 
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Fig 7.—Peak velocity-amplitudes of both the paretic eyelid (solid 
symbols) and the unaffected eyelid (open symbols) of patients 3 


(squares), 5 (triangles), and 6 (diamonds). 
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Fig 8.—Covariation of peak velocities between the paretic lid (ordi- 
nate) and the unaffected eyelid (abscissa) based on data obtained 


from three patients. Positive velocities represent upward lid saccades, 
negative velocities represent downward lid saccades. The oblique line 


shows the points at which peak velocities between eyelids are equal. 
Circles indicate patient 3; squares, patient 5; and triangles, patient 6. 


Paretic Eyelid 
_----oow———__:/“css 
Down Up 





0.95 + 0.24 


0.91 + 0.17 


0.68 + 0.24 0.74 + 0.14 





0.91 + 0.32 


0.92 + 0.28 


0.65 + 0.20 0.63 + 0.23 





1.05 + 0.14 
*Numbers represent means + SDs. 


along the upper limits of normal and 
the paretic lid along the middle to 
lower portion of the normal range. 

A comparison of the gain in ampli- 
tude (ratio between eyelid and target 
amplitudes) shows that the affected 
eyelid is consistently smaller. The un- 
affected eyelid had a gain that varied 
between 0.91 and 1.05 in the down- 
ward direction and between 0.88 and 
0.92 in the upward direction (Table 2). 
In contrast, the affected lid displayed 
downward saccadic gains of 0.65 to 
0.68 and upward gains of 0.63 to 0.74. 

The difference between the paretic 
and the unaffected amplitudes was 
highly significant in each of the three 
patients (P<.001; t test for paired 
data). With one exception, the same 
level of significance (P<.001; t test for 
paired data) was found between the 
paired peak velocities. The one excep- 
tion (patient 5) failed to exhibit a sta- 
tistically significant difference be- 
tween eyelids for upward saccadic 
velocities, although the difference be- 
tween eyelids in the downward direc- 
tion was significant. This difference 
between the saccadic velocities of the 
paretic and the unaffected eyelid is 
summarized in Fig 8. The oblique line 
defines the points at which peak veloci- 
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0.88 + 0.12 





0.67 + 0.08 0.65 + 0.10 


ties from both eyelids would be equiva- 
lent. Peak velocities of the affected lid 
were diminished for nearly all but the 
slowest of saccades. The one exception 
can be seen as the open squares (pa- 
tient 5) that were above the oblique 
line in the upper right quadrant. 

The possibility that the paretic clos- 
ing phase of the blink and the down- 
ward lid saccade were kinematically 
similar (since both are executed with- 
out significant EMG activity in the 
00c) led to a comparison of peak veloc- 
ities for each of these movements. It 
was found that the peak velocities for 
downward lid saccades among all pa- 
tients were consistently greater than 
the peak velocities of the closing 
phase. Figure 9 shows a patient dis- 
playing downward peak velocities for 
both blinks and lid saccades. The dif- 
ference between the peak velocities of 
the closing phase of the blink and 
downward lid saccades was statistical- 
ly significant (P<.001 by analysis of 
covariance). 

COMMENT 

It is generally believed that the up- 
per eyelid moves normally on down- 
ward gaze in patients with facial paral- 
ysis.'""""" The present study shows that 


our patients had peak velocities for 
downward lid saccades that fell within 
the range observed in normal subjects. 
However, paired comparisons between 
the affected and unaffected eyelid 
shows that the paretic eyelid move- 
ment has a consistently smaller ampli- 
tude, resulting in a downward saccadic 
lid lag. We observed a similar phenom- 
enon in patients receiving botulinum to 
the OOc for hemifacial spasm,” and 
others have described lid lag in pa- 
tients with facial nerve palsies due to 
Guillain-Barré syndrome.” 

Indeed, this decrease in amplitude 
might support the contention that the 
OOc actively participates in the execu- 
tion of downward lid saccades.’ How- 
ever, we believe that the passive 
mechanism proposed by Kennard and 
Smyth" is sufficient to account for the 
ballistic trajectory of the downward lid 
saccade and the findings in this study 
are consistent with such a mechanism. 

A brief review of the pertinent part 
of the anatomy shows that movement 
of the upper eyelid is influenced by 
several interconnecting structures that 
oppose the upward force of the LPS 
(Fig 10). Whitnall’s ligament is a trans- 
versely oriented fibrous sling in the 
anterosuperior orbit. It functions as a 
suspensory ligament and fulcrum for 
the LPS and the levator aponeurosis. 
When the eyelids are closed, Whit- 
nall’s ligament forms a straight line 
between its medial and lateral horns; 
when the eyelids are elevated, tension 
is increased as the ligament is bowed 
posteriorly.” 

The levator aponeurosis, a tendinous 
expansion of the LPS, extends from 
the anterior face of the tarsus to Whit- 
nall’s ligament. The medial horn atta- 
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Fig 9.—Comparison of the peak velocities and amplitudes for down- 
ward saccades and closing phase of the blink obtained from patient 3. 
Regression lines and equations are based on these data alone. Open 
circles represent blinks; closed circles, saccades. 
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Fig 10.— Schematic depiction of the elastic structures thought to be 
responsible for the downward movement of the eyelid in the absence 
of orbicularis activity. When the lid is elevated in the open position or in 
extreme upward gaze, tensions along the orbicularis oculi (not 
shown), Whitnalls ligament, the canthal tarsal complex, and Lock- 
woods ligament are increased. Sudden inhibition of the levator palpe- 


ches loosely to the posterior portion of 
the medial canthal tendon.” To the 
extent that the LPS, acting through 
the aponeurosis, pulls on the upper 
arms of the canthal tendons and the 
tarsal plate, tension along the entire 
tarsal-canthal complex presumably 
should also increase. 

Lockwood's ligament, a transverse 
fibrous sling extending from the infer- 
omedial to the inferolateral walls of the 
anterior orbit, functions as a suspen- 
sory structure and a check ligament for 
the inferior rectus muscle. Fibrous ex- 
tensions of Lockwood's ligament insert 
onto the inferior margin of the tarsus, 
the marginal portion of the OOc, the 
overlying skin, and the inferior orbital 
septum.” Upward eye movements 
are accompanied by slight lateral and 
upward movements of the lower lid.’ 
The upward movement of the lower lid 
is presumably driven by the effect of 
the LPS on the canthal tendons. Like- 
wise, contraction of the inferior rectus 
in downward gaze pulls down on the 
canthal tendons and tarsus through its 
connections with the retractors. Thus, 
as suggested by Kennard and Smyth,” 
“multiple parallel elastic elements” 
would seem to accurately describe the 
functional anatomy of the eyelid. 

The reduction in downward saccadic 
amplitude of the affected eyelid report- 
ed in the present study indicates that 
an otherwise normally functioning OOc 
might also play a role in the execution 
of a downward lid saccade. However, 
because the EMG activity in the OOc is 


brae releases this stored energy and the lid drops (see text). 


quiescent during the normal and the 
paretic downward lid saccade, we pro- 
pose that the OOc functions not as an 
agonist, but rather, as a passive partic- 
ipant. There are several ways in which 
paresis of the OOc may slow the down- 
ward lid saccade. For example, the 
resting tone of the OOc in normal 
subjects may passively oppose the 
LPS or may contribute to the frictional 
drag of the eyelid against the eyeball. 
In either case, laxity of the OOc might 
reduce the downward tension on the 
upper eyelid. It is also possible that 
the failure to blink effectively in pa- 
tients with facial paresis may lead to 
contracture and stiffening of the LPS, 
which would resist the passive down- 
ward elastic forces on the eyelid. 

Consider then how these structures, 
acting in concert, generate a down- 
ward lid saccade (Fig 10). When the lid 
is elevated in the open position or in 
upward gaze, the tension along Whit- 
nall’s ligament, the tarsal-canthal com- 
plex, Lockwood's ligament, and the 
OOc increases. Sudden inhibition of 
the LPS releases this stored energy 
and, like the bowstring on a crossbow, 
the lid is pulled down. 

If the movement of the upper eyelid 
during a downward lid saccade is, in 
fact, completely passive, then there 
should be differences between the ki- 
nematics of a downward and upward 
lid saccade. Prior studies have failed to 
show a consistent kinematic distinc- 
tion™™™ between the two; however, 
Evinger et al” showed that the veloci- 
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ty-amplitude relationships for upward 
lid saccades displayed a linear regres- 
sion whereas downward lid saccades 
were best described by a slow saturat- 
ing power function (Table 1). 

In this regard, it should be noted 
that despite the profound degree of 
OOc weakness among our patients, we 
still observed some movement of the 
eyelid during a blink; in some cases, 
eyelid motion occurred in the absence 
of any apparent EMG activity in the 
OOc and in others, eyelid motion pre- 
ceded the onset of the EMG in the 
OOc. Analysis of the velocity-ampli- 
tude relationship for the closing phase 
of the blink (characterized by a linear 
regression in normals) fell off the main 
sequence and displayed a saturation 
effect akin to the downward lid saccade 
(Fig 2, left, and Table 1). This sug- 
gests that the eyelid movements we 
observed in our patients during the 
closing phase of the blink were, to a 
variable extent, the result of passive 
forces on the eyelid. Thus, the closing 
phase of the paretic blink takes on 
some of the biomechanical features of 
the downward lid saccade. 

If the closing phase of the blink and 
the downward lid saccade in patients 
with facial paresis are biomechanically 
analogous, then the kinematics of both 
should be similar. However, we consis- 
tently observed slower peak velocities 
for the closing peak of the blink than 
for the downward lid saccade (Fig 9). 
This apparent inconsistency can be ex- 
plained by considering the associated 
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actions of the extraocular muscles dur- 
ing blinks and saccades. Prior studies 
have shown that the extraocular mus- 
cles (including the superior rectus) will 
cocontract during a blink,’ whereas 
contraction of the inferior rectus with 
reciprocal inhibition of both the LPS 
and the superior rectus occurs with 
downward lid saccades. Anatomically, 
the superior rectus and LPS are inter- 
connected by a common sheath and 
intermuscular fibrous tissue.” Thus, 
in the closing phase of the paretic 
blink, inhibition of the LPS with a 
contracting superior rectus, moving in 
opposite directions, should reduce the 
peak velocities of the closing phase to a 
greater extent than the downward lid 
saccade (where both the superior rec- 
tus and LPS are reciprocally in- 
hibited). 

We also observed that the peak ve- 
locities of the unaffected eyelid move- 
ment were increased above the normal 
main sequence among two of three 
subjects who underwent bilateral re- 
cordings (Fig 2, right). The increase 
presumably reflects enhanced EMG 
activity in the OOc on the unaffected 
side. While the numbers of patients 
were too small to make any definitive 
conclusions, this finding suggests that 
there may be an increased drive on 
both OOc muscles to compensate for 
the weakening of the affected eyelid. 
Normal subjects show similar adaptive 
modifications of the blink reflex.” 
These findings may represent an ex- 
pression of Hering’s law as it pertains 
to the OOc. 

An analysis of the eyelid movements 
in normal subjects and in patients with 
facial paresis shows that the ballistic 
features of the downward lid saccade 
can be explained on the basis of pas- 
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sive forces without invoking a burst- 
tonic mechanism. The eyelid, however, 
appears to represent a unique system. 
Quantitative analysis of the eyelid 
movements in a variety of pathological 
states might, in the future, have clini- 
cal applications. 


This study was supported in part by grant EY 
07391 from the National Eye Institute, Bethesda, 
Md. 

The authors have no proprietary interest in any 
of the devices described in this study. 
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Infectious Endophthalmitis Following 
Sutureless Cataract Surgery 


Karl G. Stonecipher, MD; Vernon C. Parmley, MD; Harold Jensen, PhD; J. James Rowsey, MD 


è Within the last 6 months, three cases 
of infectious endophthalmitis following 
sutureless cataract surgery have been 
referred to us. Two of these cases fol- 
lowed uncomplicated sutureless phaco- 
emulsification with intraocular lens im- 
plantation. One case was complicated by 
a postoperative hyphema with additional 
surgery for clot removal 2 days following 
the initial procedure. 

(Arch Ophthalmol. 1991;109:1562-1563) 


[ nfectious endophthalmitis following 

cataract surgery is a devastating 
postoperative complication with guard- 
ed prognosis for useful visual acuity." 
Javitt et al” reported an incidence of 
0.12% following extracapsular cataract 
extraction or phacoemulsification. Kat- 
tan et al” reviewed 30002 cases of 
intraocular surgery and reported the 
following incidences: extracapsular 
cataract extraction with intraocular 





See also p 1499. 





lens insertion (0.066%), elective pars 
plana vitrectomy (0.051%), penetrat- 
ing keratoplasty (0.11%), secondary in- 
traocular lens insertion (0.30%), and 
glaucoma filter surgery (0.061%). To 
our knowledge, analogous statistics 
following sutureless surgery have not 
been reported. We recently treated 
three patients with infectious en- 
dophthalmitis following sutureless 
phacoemulsification and intraocular 
lens implantation. 


REPORT OF CASES 


CASE 1.—A 67-year-old woman present- 
ed 11 days following uneventful sutureless 
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phacoemulsification and foldable intraocular 
lens implantation in the right eye. On pre- 
sentation she complained of pain, decreased 
visual acuity, and sensitivity to light in the 
right eye. She was referred to us with the 
diagnosis of infectious endophthalmitis. 

Best corrected visual acuity at presenta- 
tion was hand motions at 0.3 m in the right 
eye and 20/40 OS. Intraocular pressures 
were 21 mm Hg OD and 15 mm Hg OS. Slit- 
lamp examination revealed that the cornea 
had +1 microcystic changes, a 15% hypo- 
pyon, and a +2 to 3 fibrin response in the 
right eye. The pupil was eccentric. At 4 mm 
posterior to the limbus in the 12 o'clock 
position a frank wound gape with an inad- 
vertent conjunctival bleb was noted (Fig- 
ure). Fundusecopic examination of the right 
eye revealed +4 vitreous debris with local- 
ized areas of clumped debris and no percep- 
tible retinal details. Ultrasonography 
showed an attached retina and choroidal 
thickening with diffuse vitreal debris. 

This patient underwent an anterior cham- 
ber washout and core vitrectomy through a 
limbal approach to allow visualization of a 
red reflex." A Seidel positive wound leak 
was noted during surgery, which required 
suturing. Gram's stain revealed multiple 
gram-positive cocci from both the aqueous 
and vitreous specimens. 

The patient was treated with vancomycin 
(1 mg), ceftazidime (1 mg), and dexametha- 
sone (Decadron) (1 mg) intravitreally. Sub- 
conjunctival injections of vancomycin (20 
mg), ceftazidime (250 mg), and dexametha- 
sone (4 mg) were administered in the right 
eye. Treatment with intravenous vancomy- 
cin (1 g) and ceftazidime (1 g) every 12 
hours was begun. Within 8 hours, the vitre- 
ous and aqueous specimens revealed conflu- 
ent growth of Enterococcus faecalis that 
was sensitive to gentamicin, vancomycin, 
and ampicillin. 

A recrudescence of the anterior chamber 
hypopyon and vitreal inflammation obscur- 
ing retinal detail prompted a return to 
surgery. Within 48 hours, the patient un- 
derwent a secondary limbal vitrectomy 
with injection of dexamethasone (1 mg), 
ampicillin (500 mg), and gentamicin (100 


pg). Repeated cultures revealed growth of 


eight colonies of E faecalis from the vitre- 
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ous specimen with sensitivity patterns iden- 
tical to the original specimens. The intrave- 
nous regimen was changed to gentamicin 
(80 mg) every 8 hours and ampicillin (2 g) 
every 6 hours. 

The patient showed an initial response to 
this secondary intravitreal, subconjuncti- 
val, and intravenous regimen. However, 
within 48 hours, repeated cultures of the 
vitreous were required secondary to wors- 
ening vitreal inflammation with organizing 
vitreal debris. Additional intravitreal injec- 
tions of dexamethasone (1 mg), ampicillin 
(500 mg), and gentamicin (100 pg) were 
administered. This culture revealed growth 
of one to two colonies of the same organism, 
yet the patient’s hospital course revealed 
response to this administration of intra- 
vitreal antibiotics and steroids, along with 
systemic and topical therapy. One month 
following discharge from the hospital, the 
patients best corrected visual acuity was 
20/200. 

CASE 2.—A 63-year-old woman under- 
went sutureless phacoemulsification with 
foldable intraocular lens implantation 
5 days before presentation. The primary 
surgeon attempted to drain a postoperative 
hyphema through the cataract incision 
2 days following surgery, No sutures were 
added to close the incision. 

Best corrected visual acuity on referral 
was 20/20 OD and hand motions at 0.3 to 0.6 
m OS. Intraocular pressure was 17 mm Hg 
OD and 20 mm Hg OS. The left cornea 
showed +1 microeystic changes. A 10% 
hypopyon was present in the inferior angle 
and was mixed with residual clotted blood. 
The left eve had a sutureless incision that 
was approximately 4 mm from the limbus at 
the 12 o'clock position with gaping of the 
wound, There was no view of the posterior 
segment in the left eve. Ultrasonography of 
the posterior pole revealed diffuse vitreous 
debris with an attached retina. 

This patient also underwent an anterior 
chamber washout and core vitrectomy 
through a limbal approach until a red reflex 
could be visualized.” A Seidel positive 
wound leak was noted during surgery, 
which required suturing. Gram-positive 
cocci were noted only from the vitreous 
specimens. Intravitreal vancomycin (1 mg), 
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Case 1 shows an inadvertent conjunctival bleb and associated wound gape following sutureless 


cataract surgery. 


ceftazidime (1 mg), and dexamethasone 
(1 mg) were administered in addition to 
subconjunctival injections of vancomycin 
(20 mg), ceftazidime (250 mg), and dexa- 
methasone (4 mg). The patient received 
intravenous vancomycin (1 g) and ceftazi- 
dime (1 g) every 12 hours for 3 days follow- 
ing surgery and subconjunctival injections 
of vancomycin (20 mg) and ceftazidime (250 
mg) for 3 days. Staphylococcus epidermidis 
was isolated from the vitreous sample with- 
in 24 hours. Subsequent sensitivities re- 
vealed resistance to oxacillin with pre- 
sumed resistance to the cephalosporins.” 
The organism was sensitive to vancomycin. 
Although her postoperative follow-up was 
complicated by documented cystoid macular 
edema, the patient responded to a combina- 
tion of topical 1% prednisolone acetate and 
topical 0.03% flurbiprofen treatment, with a 
visual acuity of 20/40 OS at the 3-month 
follow-up examination. 

CASE 3.—A 77-year-old man presented 
with a 1-week history of pain, redness, and 
decreased visual acuity in the right eye that 
was unresponsive to a topical antibiotic- 
steroid combination. He had undergone an 
uneventful sutureless phacoemulsification 
in the right eye 4 months earlier. 

Best corrected visual acuity on referral 
was hand motions in the right eye and 20/25 
OS. Intraocular pressures were 29 mm Hg 
OD and 22 mm Hg OS. A 10% hypopyon 
and 25 to 30 keratic precipitates were 
present in the right eye. Funduscopic ex- 
amination revealed no perceptible retinal 
detail. Ultrasonogaphy showed diffuse vi- 
treal debris with an attached retina. 

An anterior chamber washout and core 
vitrectomy through a limbal approach were 
performed until a red reflex could be visual- 
ized.” Gram’s stains of the vitreous speci- 
men were unremarkable for organisms. The 
patient was treated with intravitreal vanco- 
mycin (1 mg), ceftazidime (1 mg), and dexa- 
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methasone (1 mg); subconjunctival injec- 
tions of vancomycin (20 mg) and ceftazidime 
(1 g) every 12 hours for 3 days following 
surgery; and subconjunctival antibiotics for 
3 days. Propionibacteriwm acnes was iso- 
lated from the vitreous sample within 
72 hours. The patient’s best corrected visu- 
al acuity at discharge was 20/400 OD. 

Within 2 weeks, increased anterior cham- 
ber and vitreous debris necessitated a re- 
turn to surgery. A vitreal culture was per- 
formed from an anterior limbal approach, 
and intravitreal injections of vancomycin 
(1 mg), ceftazidime (1 mg), and dexametha- 
sone (1 mg) were administered. Repeated 
cultures revealed no growth. The patient's 
anterior chamber and vitreous inflamma- 
tion responded to this treatment regimen. 
At his 1-month follow-up examination, the 
patient’s best corrected visual acuity was 
20/70 OD. 


COMMENT 

Sutureless cataract surgery is gain- 
ing enthusiasm as a modality for reduc- 
ing postoperative astigmatism." To 
our knowledge, these cases are the 
first recorded reports of postoperative 
endophthalmitis following sutureless 
cataract surgery. 

In a recent review of 100 cases of 
infectious endophthalmitis, | wound 
gape was present as a surgical finding 
in 41 (65%) of the 63 postsurgical 
cases." The vitreous wick syndrome 
has been well established as a causal 
process in infectious endophthalmitis." 
Despite recent enthusiasm, sutureless 
surgery may not be sufficiently “wa- 
ter-tight” to avoid increased risk for 
postoperative infectious endophthalmi- 
tis. Infectious endophthalmitis with as- 
sociated wound gape or an inadvertent 
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leaking bleb may occur with any sur- 
gery. Careful examination of the post- 
surgical wound for potential wound 
leaks is mandatory. Whether the infec- 
tious inoculation in case 2 occurred 
with the primary or secondary surgery 
is speculative. 

The incidence of infectious en- 
dophthalmitis in sutureless surgery vs 
that in sutured incisions is unknown. 
Caution is appropriate until the inci- 
dence of infectious endophthalmitis 
with sutureless surgery can be docu- 
mented. Until definitive data support 
long-term safety and astigmatic reduc- 
tion with sutureless surgery, mainte- 
nance of wound integrity with a single 
horizontal suture or other suturing 
technique is recommended. 
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PhXA34, a New Potent Ocular Hypotensive Drug 


A Study on Dose-Response Relationship and on 
Aqueous Humor Dynamics in Healthy Volunteers 


Albert Alm, MD, Jérgen Villumsen, MD 


e The prostaglandin analogue PhXA34 
was tested in two studies in normal hu- 
man eyes; 1, 3, and 10 ug of PhXA34 
reduced the intraocular pressure by 
about 2, 3, and 4 mm Hg, respectively, 6 
to 10 hours after a single topical dose. 
The only side effect observed was a 
slight conjunctival hyperemia after 10 ug 
of PhXA34. In a second study we deter- 
mined the effect of 10 pg of PhXA34 once 
daily for 7 days on intraocular pressure, 
outflow facility, aqueous flow, blood- 
aqueous barrier permeability, ocular dis- 
comfort, and hyperemia. The mean in- 
traocular pressure was below 9 mm Hg 
12 hours post dose. About one third of 
the intraocular pressure reduction could 
be explained by increased outflow facili- 
ty. Aqueous flow was unaffected. Treat- 
ment caused a 21% increase in aqueous 
fluorescence 1 hour after an oral dose of 
fluorescein. Mild ocular discomfort and 
some hyperemia were initially observed 
in half of the subjects, but frequency and 
magnitude of these side effects declined 
during the study. 

(Arch Ophthalmol. 1991;109:1564-1568) 


Topical prostaglandin F,, isopropyl 

ester is a potent ocular hypotensive 
in normal and glaucomatous eyes, 
without effect on aqueous flow and no 
or little effect on conventional out- 
flow. High doses produce marked oc- 
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ular irritation and conjunctival hyper- 
emia, and only doses at the lower end 
of the dose-response curve have been 
judged to have potential for clinical 
use. An attempt to achieve a better 
separation between effect and side ef- 
fects through the use of a 1,15-diester 
failed.’ 13,14-Dihydro-15(R,S)-17-phe- 
nyl-18,19,20-trinor-prostaglandin,, -iso- 
propyl ester (PhX A34) is a new prosta- 
glandin analogue (Fig 1), and animal 
studies have indicated that it might 
have fewer side effects than prosta- 
glandin F,, isopropyl ester, while still 
retaining its ocular hypotensive effect.’ 
This study reports the first experience 
with this drug in human eyes. 


SUBJECTS AND METHODS 


The study was divided into two parts, a 
dose-finding study (A) and a study with 7 
days of once-daily administrations of a high 
dose (B). In part B, intraocular pressure 
(IOP), aqueous flow, outflow facility, blood- 
aqueous barrier permeability, and side ef- 
fects were evaluated. 


Subject Selection 


In part A, 16 healthy volunteers, eight 
men and eight women, 22 to 39 years old, 
were included; part B included 18 healthy 
volunteers, nine men and nine women, 22 to 
45 years old. There were no restrictions 
concerning food or beverage during the 
study. No subject participated in both parts 
of the study. All women used reliable birth 
control. All participants underwent a pre- 
trial routine clinical examination of cardio- 
vascular and pulmonary functions and an 
ocular examination including determination 
of visual acuity, refraction, IOP, ophthal- 
moscopy, and slit-lamp examination. In 
part B, this examination was repeated at 
the end of the study. The study protocols 
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were reviewed and approved by the Nation- 
al Board of Health and Welfare and by the 
Medical Faculty, University of Umea, 
Sweden. 


Examination Schedule 


Dose-Finding Study.—This part of the 
study was a double-masked, placebo-con- 
trolled study in which the eyes were ran- 
domized to drug or placebo. Three doses, 1, 
3, and 10 pg of PhXA34, were given in 
stepwise increments with a washout period 
of 1 week between doses. The same eye was 
treated at each dose level. The vehicle was 
used as placebo. It contained polysorbate 
80 (5 mg/mL) and benzalkonium chloride 
(0.1 mg/mL) in physiological saline. The 
choice of stepwise increasing doses and 
treatment of the same eye was made to 
assure maximum safety with a drug not 
previously used in human eyes. 

The baseline day was used to make the 
participants familiar with the examination 
procedures. Eye examinations and IOP 
measurements were made at 8 AM and 2, 4, 
and 6 PM. On the 3 days of treatment, no 
IOP measurements were made before 2 PM, 
ie, 6 hours after application of the drug, so 
as not to interfere with the evaluation of 
hyperemia and ocular discomfort that was 
made 2, 4, and 6 hours post dose. The IOP 
was determined 6, 8, 10, and 24 hours post 
dose. The anterior chamber was evaluated 
for the presence of flare and cells at each 
examination. 

Repeated Administration.—This part 
was a double-masked, placebo-controlled 
study in which one eye was treated with 10 
pg of PhX A34 once daily at 8 AM for 7 days 
and the other eye with the vehicle contain- 
ing polysorbate 80 (1.5 mg/mL) and benzal- 
konium chloride (0.2 mg/mL) in a phosphate 
buffer. As in part A, a baseline day was 
used to make the subjects familiar with 
some of the examination procedures. An 
eye examination and an IOP measurement 
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Fig 1.—PhXA34 (13,14-dihydro-15[R, S]-17- 
phenyl-18,19,20-trinor-prostaglandin F,,-iso- 
propyl ester). 


were made at 8 AM and 8 PM, and one of 
these examinations included a fluorophoto- 
metry scan. During the study, IOP, aque- 
ous flow, outflow facility, blood-aqueous 
barrier permeability, conjunctival hyper- 
emia, cells and flare in the anterior cham- 
ber, and ocular symptoms were evaluated. 
The IOP was determined before and 12 
hours after drug administration on the first 
5 days. On days 7 to 13, final IOP measure- 
ments were made corresponding to 12, 48, 
and 144 hours after the last dose. An addi- 
tional IOP determination 30 minutes post 
dose was made on the first day of drug 
administration to evaluate a possible, tran- 
sient ocular hypertensive effect of the drug. 
Aqueous flow was determined on day 3 in 
eight subjects and on day 5 in the remaining 
10 subjects. Outflow facility and blood- 
aqueous barrier permeability were deter- 
mined after 7 days of treatment. Evaluation 
of hyperemia and subjective side effects and 
a slit-lamp examination were made before 
IOP measurements. 


Methods 


Aqueous Humor Dynamics. —Intraocu- 
lar pressure was determined with a Gold- 
mann tonometer in a masked fashion.” A 
standard fluorophotometric procedure was 
used to determine aqueous flow.” Outflow 
facility was determined by 4 minutes of 
tonography with a pneumatonometer. 

Conjunctival Hyperemia.—In part A, 
hyperemia was determined from photo- 
graphs of the temporal sclera taken in a 
standardized fashion.” The highest dose 
used in part A produced a variable degree 
of hyperemia, and it was decided to evalu- 
ate the clinical significance of this hyper- 
emia in part B. In this part of the study, 
hyperemia was determined from photo- 
graphs “en face” of both eyes and graded by 
comparing with standard photographs. 
Three standard photographs were used cor- 
responding to conjunctival injection within 
a normal range (grade 1), visible but still 
clinically acceptable hyperemia (grade 2), 
and hyperemia that was judged to be unac- 
ceptable for most patients (grade 3). The 
treated eye was graded according to these 
standard photographs, but any differences 
between the two eyes within the different 
grades were also noted. 

Symptoms. — The subjects were asked to 
specify any ocular discomfort experienced 
during the study and grade it as mild, 
moderate, or severe. 
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Table 1.—IOP Before and 6, 8, 10, and 24 Hours After Administration of — 
PhXA34 or Placebo* 


Hours After Administration 


Dose, ug 6 





Control Eye 


Baseline 14.3 + 1.1 13.8 + 1.0 


13.3 + 1.1 12.5 + 0.8 





13.9 + 1.1 


14.5 + 0.9 13.1 + 0.8 13.4 + 0.9 





13.1 + 0.9 
13.1 + 0.9 


13.6 + 1.1 
13.6 + 1.1 


13.8 + 1.2 12.7 
13.8 + 1.0 





Treated Eye 


14.1 + 1.0 13.4 + 0.9 


12.6 + 1.0 





11.9 + 0.8 


114.7 £ 6.6 12.4 + 0.7 





10.4 + 0.7 


10.4 + 0.6 11.4 + 0.8 








9.6 + 0.7 


* IOP indicates intraocular pressure. Doses refer to the dose given to the PhXA34-treated eye. No IOP mea- 


8.8 + 0.6 10.3 + 0.8 


surements were made until 6 hours after dose so as not to disturb subsequent evaluation of hyperemia when 
active drug was given. Except for baseline, all differences between treated and untreated eyes were statistically 
significant (P < .05 or less, Student's t test, paired comparison). Values are mean + SEM, millimeters of mer- 


cury (n = 16). 


Cells and Flare.—Flare was evaluated 
with slit-lamp biomicroscopy and the num- 
ber of cells in the slit was counted. 

Blood-Aqueous Barrier Permeabili- 
ty.—Anterior segment fluorophotometry 
was performed 0.5, 1, 2, 4, and 6 hours after 
an oral dose of 15 mg of fluorescein sodium 
per kilogram of body weight, and the ratio 
for aqueous fluorescein concentrations be- 
tween treated and untreated eyes was used 
as an estimate of a change in blood-aqueous 
barrier permeability.” 

Evaluation of Effect on IOP.—In the 
dose-finding study (part A), mean+SEM 
IOPs in the two eyes were calculated. The 
dose-response curve was based on the mean 
difference between the two eyes 6, 8, and 
10 hours after dose and presented as mean 
reduction for each dose with the 95% confi- 
dence interval. In part B, consisting of 
repeated administration, the effect on IOP 
was calculated as the difference (IOP in the 
treated eye less IOP in the untreated eye) 
corrected for the corresponding difference 
on the baseline day. Student’s t test was 
used to test statistical significance. 


RESULTS 
Dose-Finding Study 


Table 1 presents the IOP (mean- 
+SEM) on baseline day and for three 
single doses of PhXA34. There was a 
clear dose-response relationship. Fig- 
ure 2 presents the average IOP reduc- 
tion 6, 8, and 10 hours post dose with 
the 95% confidence interval. For 3 and 
10 pg, there was a significant IOP 
reduction even after 24 hours: 2.2+0.6 
mm Hg (P<.005) and 3.3+0.7 mm Hg 
(P<.001), respectively. 

Little hyperemia was seen after a 
single application of 1 or 3 yg of 
PhXA34, while 10 pg produced a slight 
hyperemia seen first 4 hours post dose 
and at a maximum 12 hours post dose, 
corresponding to a grade 2 hyperemia 


in part B of the study. None of the 
subjects in the dose-finding study ex- 
perienced any ocular discomfort with 
any dose. 


Repeated Administration 


Repeated administration of 10 ug of 
PhXA34 produced a continuous IOP 
reduction in the treated eye (Fig 3). 
No significant difference was noted 
between the two eyes on the three 
measurements before administration 
of the drug or on the first measure- 
ment 30 minutes after the first dose. 
Table 2 presents the IOP reductions in 
the treated eye calculated as the differ- 
ence in IOP between the two eyes, 
corrected for the corresponding differ- 
ence on the baseline day. This differ- 
ence ranged from 2.3 to 3.8 mm Hg at 
8 PM, ie, 12 hours after the previous 
dose. For the morning pressures, 24 
hours after the previous dose, the cor- 
responding range was 2.3 to 3.1 mm 
Hg. The average 12-hour postdose 
measurement ranged from 8.2 to 
8.5 mm Hg, the 24-hour postdose IOP 
from 9.0 to 10.3 mm Hg. Forty-eight 
(day 9) and 144 hours (day 13) after the 
last dose, a significant IOP reduction 
was still observed in the treated eye 
when compared with the fellow eye 
(Table 2). 

The effects of repeated doses of 10 
pg of PhXA34 on aqueous humor dy- 
namics are presented in Table 3. Aque- 
ous flow could only be determined in 15 
subjects (faulty application of fluores- 
cein in three subjects). The 10-g dose 
of PhXA384 had no effect on aqueous 
flow, but a small, but highly signifi- 
cant, increase in outflow facility was 
noted. If the difference between the 
two eyes is used as the drug effect, a 
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Fig 2.—The effect on intraocular pressure 
(IOP) of three single doses of PhXA34 (part 
A). Effect was estimated as the difference in 
IOP between the untreated eye and the treat- 
ed eye, and differences 6, 8, and 10 hours 
post dose were averaged. Bars indicate 95% 
confidence intervals. 


Table 2.—IOP Reduction in Treated 
Eye* 


IOP, mm Hg 
mA 
8 AM 8 PM 


0.0 + 0.3 3.6 + O.7t 
2.5 + 0.5t 3.8 + 0.6T 
2.3 + 0.3¢ 3.2 + 0.6t 
3.1 + 0.5t 3.3 + 0.6T 
2.5 + 0.74 2.3 + 0.6t 
2.9 + 0.5f 





2.8 + 0.6t 
1.6 + 0.4¢ 
*IOP indicates intraocular Pressure. Values are 
expressed as the difference between treated and un- 
treated eyes at 8 Am (24 hours post dose) and 8 pm 
(12 hours post dose) for the 13-day study period, 
corrected for the corresponding difference on the 
baseline day. A 10-ug dose of PhXA34 was adminis- 
tered after the IOP measurements at 8 am on days 1 
to 7. Eighteen subjects were included at all times ex- 
cept at 8 Am on day 3 (eight subjects) and day 5 (10 
subjects), when aqueous flow measurements were 
made. Values are mean + SEM. 
tP < .001. 
P< .01. 


significant correlation was noted be- 
tween IOP reduction and facility in- 
crease (r=.49, P<.05). The coefficient 
of determination (17°=.24) indicates 
that the increase in facility can account 
only for a minor part of the IOP 
reduction. 

Hyperemia of grade 2 or 3 was seen 
in nine eyes 12 hours after the first 
dose, but the frequency diminished 
during the study, and 12 hours after 
the fifth dose this was observed in only 
one eye. Twenty-four hours after the 
dose, grade 2 or 3 hyperemia was seen 
in some eyes, with a maximum fre- 
quency of four eyes after the third 
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Treated Eye 


Table 3.—Effect of 10 ug of PhXA34 on Aqueous Humor Dynamics in 18 Subjects * 





Control Eye Difference 











Aqueous flow, 




















uL/min 2.60 + 0.09 2.44 + 0.19 0.16 + 0.16 
Facility 

yL - min“' - mm Hg"! 0.314 + 0.016 0.232 + 0.015 0.082 + 0.016t 
IOP, mm Hg 8.9 + 0.6 11.8 + 0.6 —2.9 + 0.3f 





* Aqueous flow was determined after 3 or 5 days of treatment. For three of the subjects, aqueous flow could 
not be calculated owing to technical reasons. Outflow facility and intraocular pressure (IOP) were determined 


after 7 days of treatment. Values are mean + SEM. 
tP < .001. 





Table 4.—Aqueous Fluorescein Concentration* i 





















































Time Post 
Dose, h Untreated Treated Ratio 
0.5 11.3 + 2.6 13.9 + 3.2 1,29 E 0:12 
1 32.3 + 5.4 37.7 + 6.1 1:19) = 0,71 
2 69.7 + 8.0 76.9 + 8.8 1.13 + 0.08 
4 106.1 + 9.6 110.7 + 9.0 1.07 + 0.06 
91.0 + 7.5 92.3 + 7.5 1.03 + 0.04 






* Concentration (nanograms per milliliter, mean + SEM) in untreated eyes and in eyes treated with 10 ug of 


PhXA34 once daily for 7 days, 30 minutes to 6 hours after an oral dose of 15 mg of fluorescein per kilogram 


of body weight. 


dose but only one eye after the fifth 
dose. Most were grade 2 hyperemia, 
and grade 3 hyperemia was only seen 
in one or two eyes 12 hours after the 
first three doses, but not later in the 
study. Although the conjunctival injec- 
tion in most treated eyes was graded 
as being within the normal range, a 
slight difference could be observed be- 
tween treated and untreated eyes in 
most subjects after the first three 
doses and in about 60% of the subjects 
later in the study. 

Repeated doses of 10 pg of PhXA34 
produced some ocular irritation, al- 
ways graded as mild. Eight of the 
subjects reported no drug-related sub- 
jective symptoms at any examination. 
One subject reported mild symptoms 
on four of 12 postdose examinations, 
while the remaining nine subjects re- 
ported mild symptoms on one to three 
examinations. There was a clear pat- 
tern, with most reports concerning the 
12-hour postdose examination after the 
first two doses: seven of 16 subjects 
after the first dose and six of 16 sub- 
jects after the second dose. Then sub- 
jective symptoms became rare, and 
from the fourth dose, at most two 
subjects reported a slight irritation of 
the eye 12 hours after the dose. Apart 
from one subject reporting a mild ocu- 
lar irritation present 24 hours after the 
third dose, any ocular irritation pre- 
sent 12 hours post dose had disap- 
peared before the next dose. 

Aqueous flare was not seen in any 
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eye during the study. On seven occa- 
sions in four individuals, one or two 
cells could be seen in the slit-lamp, 
four times in treated eyes and three 
times in control eyes. Table 4 presents 
the effect of 1 week’s treatment with 
10 ug of PhXA34 on fluorescein entry 
into the anterior chamber of the two 
eyes 0.5 to 6 hours after an oral dose of 
15 mg of fluorescein per kilogram body 
weight. No statistically significant dif- 
ference was noted between the two 
eyes, but the average fluorescein con- 
centration in the treated eye was 13% 
to 21% higher during the first 2 hours. 
A large part of the difference was due 
to one subject, where fluorescein con- 
centration in the treated eye was two 
to three times that of the untreated 
eye. Although there was a marked 
difference between the two eyes in this 
subject, the fluorescein concentration 
in the treated eye was not particularly 
high. At all examinations, there were 
between two and seven eyes in the 
control group with higher aqueous flu- 
orescein concentrations. If that subject 
is excluded from the statistical calcula- 
tions, the ratio (treated eye-control 
eye) is 1.10, 1.09, 1.06, 1.02, and 0.99. 
The difference after 1 hour, 
1.09+ 0.04, was statistically significant 
at P<.05. 

Visual acuity and refraction were 
the same after the study as on the 
pretrial examinations. Pulse and sys- 
tolic blood pressure determined at the 
end of the study, 48 hours after the 
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Fig 3.—Intraocular pressure (IOP; mean- 
+SEM) in treated (circles) and untreated 
eyes (Squares) on baseline day and for 13 
days after the first dose of 10 ug of PhXA34 
(part B). The drug was administered at 8 AM 
on days 1 to 7 (arrows). The IOP was deter- 
mined just before and 12 hours after drug 
administration. 


last dose, did not differ significantly 
from prestudy values. Diastolic blood 
pressure before the study was 
77.2+2.0 mm Hg and at the end of the 
study 69.2+1.6 mm Hg. The differ- 
ence, 8.1=2.3 mm Hg, was significant 
(P<.005). 


COMMENT 


The aim of the first part of this study 
was to find an optimal dose with re- 
spect to effect and side effects. There 
was a marked dose-dependent ocular 
hypotensive effect of PhXA34, with an 
average effect 6 to 10 hours post dose 
of about 2, 3, and 4 mm Hg for the 
three doses tested. A significant effect 
remained after 24 hours with the two 
highest doses. In this single dose eval- 
uation, none of the doses produced any 
ocular discomfort, and conjunctival hy- 
peremia was seen only after the high- 
est dose. Thus, 3 pg of PhXA34 seems 
to be an optimal dose, but also higher 
doses could be used if some hyperemia 
is accepted. 

The aim of the second part was to 
examine the mechanism behind the 
IOP reduction, and to evaluate the 
effect of 1 weeks treatment on the 
permeability of the blood-aqueous bar- 
rier. A high dose was chosen to obtain 
a large enough effect on IOP to have a 
reasonable chance to demonstrate a 
corresponding change in aqueous flow 
or outflow facility if the IOP reduction 
was due to a change in either of these 
factors. 

A sustained ocular hypotensive ef- 
fect was seen during 1 week’s treat- 
ment with 10 wg given once daily. We 
found no initial ocular hypertensive 
effect 30 minutes after the dose (Fig 3) 
as previously observed with prosta- 
glandin F,, isopropyl ester.’ In this 
part of the study, the difference in IOP 
between the treated and the untreated 
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eye tended to decrease during the 
study, but the major part of this de- 
crease was due to lowering of the 
pressure in the untreated eye. An ocu- 
lar hypotensive effect in the fellow eye 
has been described for several drugs." 
That was probably not a major cause in 
this study, because most of the pres- 
sure reduction in the control eye was 
seen between the first pretrial pres- 
sure taken at 8 AM on the baseline day 
and the pressure taken 30 minutes 
after the first dose (Fig 3). Further- 
more, the mean pressure in the treated 
eye remained below 9 mm Hg at the 
12-hour postdose measurement during 
the whole week of treatment. Thus, 
although the difference in IOP be- 
tween the two eyes after 10 pg of 
PhXA34 was less in part B of the study 
than after the single dose in part A, 
the obtained IOP in the treated eye 
was similar. 

Previous studies on prostaglandin 
F, isopropyl ester in man have demon- 
strated that the reduction in IOP could 
not be explained by reduced aqueous 
flow,’ and that a possible change in 
outflow facility was too small to ac- 
count for the fall in IOP.* The same 
thing seems to be true for PhXA34. 
Even with repeated doses of 10 pg for 
3 or 5 days, aqueous flow was unaffect- 
ed. Outflow facility, however, showed 
a small, but statistically significant, 
increase. This increase, however, is 
not enough to explain the reduction in 
IOP observed. If episcleral venous 
pressure is unchanged, which by no 
means is clear, it can be estimated that 
the change in outflow can explain only 
about one third of the IOP reduction. 
This is supported by the low coefficient 
of determination, 7*=.24, in the analy- 
sis of linear regression between IOP 
reduction and facility increase. An in- 
creased uveoscleral outflow, as has 
been demonstrated for prostaglandin 
F,, isopropyl ester in monkeys,"” is a 
possible explanation for the remaining 
pressure reduction. 

Thus, the pressure reduction ob- 
tained with PhXA34 and the mecha- 
nism behind the pressure reduction 
seem to be similar to those of prosta- 
glandin F,, isopropyl ester, but the 
side effects are much less pronounced. 
In the dose-response study, there 
were no reports of subjective side ef- 
fects, and continued treatment with 
the highest dose caused only mild ocu- 
lar irritation in about half the subjects, 
and even that became less common 
with prolonged treatment. Also, the 
degree of conjunctival hyperemia dif- 
fered markedly from what we have 
previously observed with prostaglan- 
din F,, isopropyl ester. With prosta- 


glandin F,, isopropyl ester, there is a 
dose-dependent hyperemia with a 
maximum 30 to 60 minutes after appli- 
cation of the drug. With doses causing 
IOP reductions on the same order as 3 
to 10 pg of PhXA34, this hyperemia is 
marked. The hyperemia observed in 
this study was much less pronounced 
and also had a different time schedule. 
Hyperemia was only observed after 
the highest dose, 10 ug, and it was not 
observed until 4 hours post dose. In 
most subjects it was judged to be 
clinically acceptable, and with pro- 
longed treatment it tended to become 
less marked. 

A possible effect on the permeability 
of the blood-aqueous barrier is of clini- 
cal concern. Prostaglandins in high 
doses disrupt the blood-aqueous barri- 
er in rabbits." In cats this effect is 
much less pronounced, even with long- 
term treatment.” There is even less 
effect in monkeys.’*" With the fluoro- 
photometric technique used in this 
study, we observed an increase in fluo- 
rescein concentration of about 10% in 
prostaglandin F,, isopropyl ester- 
treated eyes 2 to 4 hours after inges- 
tion of an oral dose of fluorescein sodi- 
um.” A similar result was obtained in 
this study. Fluorophotometry is a sen- 
sitive technique for studies on perme- 
ability, and a 10% to 20% increase in 
the total amount of fluorescein during 
the first 2 hours seems a reasonable 
consequence of an increased passage 
through the uveoscleral routes. One of 
the subjects differed from the others, 
not with respect to the amount of 
fluorescein entering the anterior cham- 
ber of the treated eye but with respect 
to the ratio of fluorescein between the 
two eyes. No clinical difference in flare 
was observed between the two eyes in 
this subject. Because we did not follow 
up the plasma concentration, the val- 
ues can only be interpreted in terms of 
relative permeability between the two 
eyes. Thus, we cannot decide whether 
the observation in this one subject 
represents an unusual high permeabili- 
ty in the treated eye or just a chance 
difference between two eyes with nor- 
mal permeability. Future evaluation of 
this drug should include observations 
of flare and blood-aqueous barrier 
permeability. 

The reduction in diastolic blood pres- 
sure observed at the end of the study 
is probably not drug related. The blood 
pressure was determined 48 hours af- 
ter the last dose, and PhXA34 has no 
known effect on blood pressure. 


CONCLUSION 


PhXA34 is a potent ocular hypoten- 
sive drug. At 3 yg, the average reduc- 
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tion of IOP in normotensive eyes was 
3 mm Hg, and the short-term ocular 
side effects were mild and did not seem 
to be of any clinical significance. With 
10 pg, the effect on IOP was even 
more marked, and ocular side effects 
were still mild enough to be clinically 
acceptable. Its most prominent fea- 
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Effect of Bunazosin Hydrochloride on Intraocular Pressure and 
Aqueous Humor Dynamics in Normotensive Human Eyes 


Tetsuro Oshika, MD; Makoto Araie, MD; Tetsuya Sugiyama, MD; Masayuki Nakajima, MD; Ikuo Azuma, MD 


© We investigated the effects of topical 
administration of bunazosin hydrochlo- 
ride, a new selective a,-adrenergic antag- 
onist, on intraocular pressure and aque- 
ous humor dynamics in normal human 
eyes. In the single-dose study, all con- 
centrations of bunazosin (0.025%, 0.05%, 
0.1%, and 0.2%) significantly lowered in- 
traocular pressure in a concentration- 
dependent manner. Administration of 
multiple doses of 0.1% bunazosin re- 
vealed no occurrence of tachyphylaxis 
after 1 week. Single application of 0.1% 
bunazosin had no significant influence 
on aqueous flow rate, tonographic out- 
flow facility, or episcleral venous pres- 
sure, suggesting that bunazosin reduces 
intraocular pressure by increasing 
uveoscleral outflow. Aqueous protein 
concentration was found to be unaltered 
by bunazosin, indicating that blood- 
aqueous barrier permeability to protein 
molecules remained unchanged. We 
conclude that bunazosin may be a possi- 
ble new antiglaucoma agent with a mech- 
anism of action different from those cur- 
rently in use for treating ocular 
hypertension. 
(Arch Ophthalmol. 1991;109:1569-1574) 


There is little doubt that the adren- 

ergic nervous system plays an im- 
portant role in controlling intraocular 
pressure (IOP), as evidenced by the 
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effectiveness of epinephrine and timo- 
lol maleate in the treatment of glauco- 
ma. Adrenergic receptors are divided 
into two types, a and B. The former is 
further differentiated into two sub- 
types, ie, postsynaptic (a,) and presyn- 
aptic (a,) receptors.’” Recent studies 
have shown that a,-adrenoceptor ago- 
nists are responsible for elevation of 
IOP in rabbits’ and cats.’ Further- 
more, several reports have demon- 
strated the pressure-lowering effects 
of topically applied «,-adrenergic 
blockers, such as prazosin hydrochlo- 
ride,’ corynanthine tartrate,*" and 
dapiprazole*” in man and laboratory 
animals. The ocular pharmacologic ac- 
tions of this class of agents are thought 
to differ from those currently in use for 
treating ocular hypertension; it would 
therefore be of substantial benefit to 
determine if they possess clinical po- 
tency. However, corynanthine and 
prazosin failed to demonstrate clinical 
efficacy due to the existence of tachy- 
phylaxis and/or poor pressure-lower- 
ing effects in humans," and no up-to- 
date reports are available on the 
results of clinical trials for dapiprazole. 

Bunazosin hydrochloride is a recent- 
ly developed «,-adrenergic antagonist 
with higher selectivity and effective- 
ness in blocking a,-adrenoceptors than 
existing agents™®” such as corynanth- 
ine and prazosin. Previous studies 
have shown that topically applied bun- 
azosin significantly lowers IOP in ex- 
perimental animals”” and normal hu- 
man subjects” at lower concentrations 
than other a, blockers tested before. 
Moreover, in contrast to the strong 
miotic effects of other a-adrenergic 
antagonists, including corynanthine,”” 
prazosin,’ dapiprazole,””"" and thy- 
moxamine hydrochloride,”” bunazosin 
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can reduce IOP with little influence on 
pupillary diameter, implying that bun- 
azosin’s ocular pharmacologic profile 
may not be synonymous with those of 
other a, blockers. These results and 
considerations led us to further evalu- 
ate bunazosin as a possible new anti- 
glaucoma agent. 

The objectives of the current study 
were as follows: (1) to assess the dose- 
dependent effects of topical bunazosin 
on IOP in normotensive human sub- 
jects; (2) to determine if tolerance or 
tachyphylaxis occurs after repeated 
administration; and (3) to explore the 
mechanism of action underlying buna- 
zosin’s IOP-lowering effect. Moreover, 
because no such studies have previous- 
ly been conducted, investigation of the 
influence of selective a-adrenergic 
blockage on aqueous humor dynamics 
in human eyes was also considered 
from a pharmacologic point of view. 


MATERIALS AND METHODS 

The current study was approved by the 
Ethics Committee of Tokyo (Japan) Univer- 
sity and Osaka (Japan) Medical College. 
Before admission into the study, written 
consent was obtained from each subject, 
after the nature of the study had been fully 
explained and routine eye examinations had 
been carried out. All subjects met the ad- 
mission criteria that both eyes be normal or 
only slightly ametropic and have similar 
IOPs (within 3 mm Hg) of less than 21 mm 
Hg. 

Test solutions were prepared by dissolv- 
ing bunazosin hydrochloride in a borate- 
buffered solution and then adjusting to pH 
6.0. An identical-appearing placebo vehicle 
solution was also used in the study. All 
tests were performed in a double-masked 
design. The drug-placebo bottle pairs were 
randomized to the right-left eye pairs of the 
subjects, and 50 uL of either solution was 
topically applied to the predetermined eye 
of the subjects. Neither the examiners nor 
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the subjects knew which eye had received 
bunazosin until the study was completed 
and the code was broken. 


Single-Dose Study 


Twelve normal volunteers ranging in age 
from 27 to 42 years (mean + SEM, 34.1+5.3 
years) were recruited. Four concentrations 
of bunazosin—0.025%, 0.05%, 0.1%, and 
0.2%—were tested for their IOP-lowering 
effect on four separate days, with a mini- 
mum washout period of 2 weeks. All sub- 
jects participated in each dose test, except 
for one subject in the 0.05% trial and six in 
the 0.2% trial. 

At 9 AM of each experimental day, a 
masked investigator administered topical 
bunazosin to one eye and placebo to the 
other eye. Intraocular pressure was mea- 
sured and slit-lamp examinations were car- 
ried out immediately before and 1, 2, 3, 5, 
and 7 hours after drug administration. In- 
traocular pressure was measured with a 
Goldmann applanation tonometer after the 
instillation of topical anesthetic (0.4% oxy- 
buprocaine hydrochloride), and the results 
were analyzed as the change from pretreat- 
ment values, in millimeters of mercury, 
relative to that of the contralateral placebo- 
treated eyes, using the following equation: 


(1) (IOP unazosin ~ LOP ineen): — 
(COP, ~ LOP 


in which t represents the time of IOP 
measurements and 0, the pretreatment IOP 
measurements. 

Subjects were questioned about specific 
ocular and systemic symptoms, such as 
discomfort, burning on instillation, or 
blurred vision. 


bunazosin place at 


Multiple-Dose Study 


A 1-week multiple-dose study was con- 
ducted to test whether repeated adminis- 
tration of bunazosin would induce tachyphy- 
laxis, as observed for another a-adrenergic 
blocker.’ From the single-dose study, the 
optimum concentration of bunazosin, 0.1%, 
was selected. Subjects included six of the 12 
volunteers who had participated in the sin- 
gle-dose trial; their ages ranged from 27 to 
42 years (34.3 +5.8 years). 

The drug-placebo bottle pair was given to 
the subjects as a right-left eye pair. Sub- 
jects were instructed to administer one 
drop to each eye at 9 AM and 9 PM daily. On 
day 7, IOP was measured before the 9 AM 
administration and at 2 PM. These measure- 
ment points were chosen based on results of 
the single-dose study. Each subject was 
queried about ocular and systemic symp- 
toms noted during the course of study. 


Mechanism of IOP Reduction 


Effects of single application of 0.1% buna- 
zosin on aqueous humor dynamics were 
investigated. Subjects included 10 normal 
volunteers ranging in age from 30 to 48 
years (36.5+4.6 years). Those who had 
participated in the single- or multiple-dose 
studies were not included in this study. 

Studies were carried out on four separate 
occasions, with minimum intervals of 1 


1570 


week between them. On the first day, IOP, 
aqueous protein concentration, and pupil- 
lary diameter were measured at 9 and 10 
AM. Immediately after the 10-AM measure- 
ments, a single drop of 0.1% bunazosin was 
applied to one eye of every subject, and the 
placebo alone to the other eye. Thereafter, 
measurements of IOP, aqueous protein con- 
centration, and pupillary diameter were 
carried out at 10:30, 11, and 11:30 AM; noon; 
and 1, 2, 3, 4, 5, and 6 PM. The laser flare- 
cell meter was used to, measure scattering 
in the aqueous humor.” Readings of the 
instrument were converted into the equiva- 
lent of human serum albumin concentra- 
tions.” Pupillary diameter was measured 
with a caliper under constant lighting. 

On the second day, anterior chamber 
volume and aqueous flow rate were mea- 
sured. The same 10 subjects received drug- 
placebo treatments with the same schedule 
in the same eyes as on the first day. The 
anterior chamber volume was measured at 
9 and 11 AM, and 1 and 3 PM using the 
photogrammetric method developed by 
Johnson et al.” Aqueous flow rate was 
determined with a modification” of meth- 
od II developed by Jones and Maurice.” On 
the day before the study, autofluorescence 
of the subjects was measured with a com- 
mercially available fluorophotometer (Fluo- 
tron Master, Coherent Radiation Inc, Palo 
Alto, Calif) equipped with an anterior 
chamber adaptor. Thereafter, 5% fluoresce- 
in solution was instilled into each eye of the 
subjects five times at 3-minute intervals 
after application of topical anesthesia. Ten 
hours later (9 AM on the day of the study), 
concentrations of fluorescein in the cornea 
and anterior chamber were measured with 
the fluorophotometer. Subsequent readings 
were taken hourly through 6 PM. Aqueous 
flow rate at time t was calculated as follows: 


1.7x[V dF (t)/at}+{V,-dF, -(t)/at} 
(2) f{t)=0.9| -ttt 


in which V, indicates anterior chamber vol- 
ume, F(t) and F (t) are mean apparent 
concentrations of the tracer in the cornea 
and anterior chamber, respectively, at time 
t, and 1.7 is a correction factor for deter- 
mining fluorescein concentr ation in the cor- 
nea with the fluorophotometer.” The terms 
dF (t)/dt and dF,(t)/dt were approximated 
from the line of a slope of dye concentra- 
tions at the beginning and end of the hour. 
The volume of corneal _ stroma, V„ was 
assumed to be 70 pL.” * Intraocular pres- 
sure was measured with a Goldmann ap- 
planation tonometer before and 2 hours 
after the administration of test drugs. Con- 
densed milk, rather than fluorescein, was 
used to delineate the area of corneal 
flattening. 

On the third day, tonographic outflow 
facility was measured in five of the 10 
subjects who had participated in the earlier 
stages of this study. Single drops of 0.1% 
bunazosin and placebo were applied to the 
same eyes as in the above experiments. 
Immediately before and 2 hours after the 
application, tonographic measurements 
were performed using an electronic tonome- 
ter (V. Mueller & Co, Chicago, Ill). Outflow 
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facility was calculated from the result of a 
4-minute tonographic measurement. Intra- 
ocular pressure was determined from the 
initial reading of tonography. Topical 0.4% 
oxybuprocaine was used as anesthesia be- 
fore each measurement. 

Episcleral venous pressure was mea- 
sured at 1-hour intervals from 9 AM to 5 PM 
on the fourth day. Five of the 10 subjects 
volunteered for the study. Drugs were ad- 
ministered using the same regimen and 
schedule as in the first two experiments. 
Episcleral venous pressure was measured 
with the Zeimer Venomanometer™ (Eye- 
tech Ltd, Skokie, Ill) mounted on a slit- 
lamp microscope. After instillation of topi- 
cal anesthetic, the venomanometer was 
applied to the eye, and the pressure re- 
quired to half- blanch the selected episcleral 
vein was recorded.” Three rapid measure- 
ments half a minute apart were taken and 
averaged for episcleral venous pressure val- 
ues. Intraocular pressure was measured 
with Goldmann applanation tonometry after 
the 10-AM and noon venomanometer 
measurements. 


Statistical Analysis 


Data were compared among groups with 
a one-way analysis of variance to test the 
null hypothesis that there was no difference 
between treatments. Specific differences in 
mean values between the treated and con- 
trol groups were tested for significance 
with two-tailed paired t tests. Numerical 
data were presented as means + SEMs. 


RESULTS 
Single-Dose Study 


Single application of bunazosin 
caused a concentration-dependent re- 
duction in IOP (Fig 1). Five hours 
after topical application of 0.025% bun- 
azosin, IOP became significantly lower 
in bunazosin-treated eyes than in pla- 
cebo-treated eyes (P<.01 by paired t 
test), Single application of 0.05% buna- 
zosin caused significant reductions in 
IOP 1 (P<.01), 3 (P<.05), and 5 hours 
(P<.01) after administration. Applica- 
tion of 0.1% and 0.2% bunazosin signif- 
icantly reduced IOP from 1 through 5 
hours later (Fig 1). The maximum 
mean IOP reductions 2.1+0.6 mm Hg 
2 hours after administration of 0.1% 
bunazosin and 2.1+0.8 mm Hg 3 hours 
after administration of 0.2% bunazo- 
sin. Reductions in the IOP induced by 
0.1% or 0.2% bunazosin did not signifi- 
cantly differ from each other at any 
measurement point. 

All concentrations of bunazosin 
caused slight to mild conjunctival hy- 
peremia. The degree of conjunctival 
hyperemia tended to increase as the 
concentration of test solutions rose 
from 0.025% to 0.1%, resulting in the 
withdrawal of six subjects before the 
0.2% trial. One subject exhibited mod- 
erately severe hyperemia after appli- 
cation of 0.2% bunazosin. Conjunctival 
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hyperemia disappeared within 2 hours 
after the application. No subject re- 
ported discomfort or foreign-body sen- 
sation on instillation. 


Multiple-Dose Study 


On the seventh day, IOPs before the 
9-AM administration were 14.8+0.48 
mm Hg for bunazosin-treated eyes and 
15.5+0.43 mm Hg for placebo-treated 
eyes (P<.05). Five hours after the 
application of drug-placebo pair eye 
drops, at 2 pM, IOPs were 12.8+0.87 
mm Hg for bunazosin- and 15.3 +0.66 
mm Hg for placebo-treated eyes 
(P<.01). The magnitude of changes in 
IOP before and after administration 
was significantly greater in the buna- 
zosin- than in the placebo-treated eyes 
(P<.01). Equation (1) yielded an IOP 
reduction of 1.8+0.3 mm Hg relative 
to the control eyes, which was compa- 
rable with that observed in the same 
six subjects in the single-dose study 
(1.5+0.7 mm Hg) 5 hours after the 
application of 0.1% bunazosin. 

All subjects noted slight to mild 
conjunctival hyperemia lasting for less 
than 2 hours after bunazosin was ap- 
plied. No other ocular or systemic side 
effects were reported. Slit-lamp ex- 
amination did not reveal any evidence 
of ocular toxicity caused by bunazosin 
treatment. 


Mechanism of IOP Reduction 


Single application of 0.1% bunazosin 
significantly lowered IOP from 30 min- 
utes to 5 hours after administration 
(Fig 2), with a maximum decrease of 
2.0+0.7 mm Hg 2 hours after applica- 
tion, compared with the contralateral 
control eyes. On the second, third, and 
fourth days of the study, IOPs mea- 
sured 2 hours after the application of 
bunazosin were all significantly lower 
than those of control eyes (P<.01) by 
2.1+0.6, 1.9+0.9 and 1.8+1.5 mm 
Hg, respectively. 

Bunazosin tended to cause a slight 
decrease in pupillary diameter, but at 
no time during the experiment was a 
significant difference observed be- 
tween the bunazosin- and placebo- 
treated eyes. Anterior chamber vol- 
ume at 9 and 11 AM and 1 and 3 PM 
was 201.6+7.1 uL, 199.9+7.6 uL, 
199.0+8.1 uL, and 202.1+8.5 uL for 
bunazosin-treated eyes, respectively, 
and 202.3+8.6 pL, 202.9+7.5 uL, 
201.3+7.9 uL, and 199.7+6.8 uL for 
placebo-treated eyes, respectively. 
There were no significant between- or 
within-group differences in anterior 
chamber volume. Measurement results 
of tonographic outflow facility before 
and 2 hours after the application were 
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Change in IOP, mm Hg 
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Fig 1.—Mean change in intraocular pressure (IOP) after administration of four concentrations of 
bunazosin (0.025% [open circles], 0.05% [closed circles], 0.1% [open squares], and 0.2% 
[closed squares]). Data are expressed as changes in IOP from the pretreatment value, relative 
to those of the contralateral control eyes treated with vehicle alone. Asterisks indicate significant 


differences from control eyes (single asterisk, P<.05, and double asterisk, P<.01). 


IOP, mm Hg 


-1 0 1 2 





Time After Treatment, h 
Fig 2.—The mean + SEM change over time in intraocular pressure (IOP) after single applica- 
tions of 0.1% bunazosin to one eye (closed circles) and vehicle to the other eye (open circles). 
Single asterisk represents P<.05, and double asterisk, P<.01. 


0.23+0.01 L/min per millimeters of 
mercury and 0.22+0.01 L/min per 
millimeters of mercury for the bunazo- 
sin group, and 0.20+0.01 pL/min per 
millimeters of mercury and 0.19+0.01 
L/min per millimeters of mercury for 
the control group, respectively, re- 
vealing no significant effect of drug 
treatment. 

Neither aqueous protein concentra- 
tion (Fig 3) nor episcleral venous pres- 
sure fluctuated significantly between 
groups throughout the experimental 
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period. Aqueous flow rate calculated 
from fluorophotometric measurements 
were found to be unaffected by bunazo- 
sin administration (Fig 4). 


COMMENT 


Single application of low doses of 
bunazosin caused a concentration-de- 
pendent and statistically significant re- 
duction of IOP in normotensive human 
subjects, in agreement with earlier 
studies.” In the multiple-dose study, 
twice-daily application of bunazosin re- 
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Aqueous Protein Concentration, mg/dL 





Time After Treatment, h 


Fig 3.—Changes in aqueous protein concentration measured with a laser flare-cell meter. 
Closed circles represent patients receiving bunazosin; open circles, placebo; and bars, 1 SE. 
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Fig 4.— Changes in aqueous flow rate in bunazosin-treated (closed circles) and placebo-treated 


(open circles) eyes. Bars represent 1 SE. 


duced IOP without inducing tolerance 
or tachyphylaxis during the 1-week 
experimental period. The interim re- 
sults of clinical trials, currently being 
carried out in Japan on patients with 
ocular hypertension and glaucoma, 
have failed to demonstrate tachyphy- 
laxis with twice-daily application of 
bunazosin for up to 3 months (1.A., 
unpublished data, March 1991). This 
feature of bunazosin seems to differ 
somewhat from other a,-adrenergic 
blockers, namely corynanthine, which 
induced tachyphylaxis after use for 
1 week," and prazosin, which did not 


substantially affect IOP in humans.” 
In addition, the present study demon- 
strated that bunazosin lacks consider- 
able pupillary miotic effect, in sharp 
contrast to other a-adrenergic block- 
ing agents.°"""""**" Thus, we may as- 
sume that bunazosin exerts different 
pharmacologic effects on the eye from 
previously tested a, blockers, and that 
it might have potential as a new ocular 
hypotensive agent. 

In the current study, the mechanism 
underlying the IOP-lowering effect of 
bunazosin was investigated by analyz- 
ing aqueous humor dynamics, includ- 
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ing determinations of IOP, aqueous 
flow rate, tonographic outflow facility, 
aqueous protein concentration, and 
episcleral venous pressure. Since con- 
current measurements of these vari- 
ables on a single day are virtually 
impossible due to time-consuming pro- 
cedures and confounding effects, ex- 
periments were carried out on four 
separate occasions. On each experi- 
mental day, IOP was measured before 
and 2 hours after the application of test 
drugs, and it was found that a similar 
extent of IOP reduction was achieved. 
Thus, we concluded that bunazosin ex- 
erted equivalent ocular effects in each 
experiment. 

Changes in aqueous flow rate were 
assessed employing method II devel- 
oped by Jones and Maurice.” There 
was no difference in the rate of clear- 
ance of fluorescein between the buna- 
zosin- and placebo-treated eyes. Fluo- 
rescein dyes leave the anterior 
chamber via two routes; 90% of dyes 
are washed out by the bulk flow of 
aqueous humor (transfer coefficient by 
flow), and 10% directly diffuse into the 
iridial tissues (transfer coefficient by 
diffusion).“"” Since transfer coeffi- 
cients by flow and diffusion cannot be 
separately determined using the Jones 
and Maurice method II, transfer coeffi- 
cient by flow (aqueous flow rate) is 
calculated on the assumption that the 
ratio between transfer coefficients by 
flow and diffusion remains constant 
during the experiment.” If bunazo- 
sin’s a,-blocking effect had caused sig- 
nificant dilatation of the iridial blood 
vessels with a subsequent increase in 
transfer coefficient by diffusion, de- 
creases in transfer coefficient by flow 
might have been masked. However, 
this possibility can be ruled out as 
follows: in the current study, aqueous 
protein concentration in the same eye 
was monitored with the laser flare-cell 
meter. A decrease in transfer coeffi- 
cient by flow causes a reduction in the 
rate of washing out of protein mole- 
cules from the anterior chamber, re- 
sulting in an increase in aqueous pro- 
tein concentration. On the other hand, 
if we suppose that the transfer coeffi- 
cient by diffusion increased due to the 
dilatation of iridial vessels, the rate of 
protein entry into the anterior cham- 
ber should increase, or, considering 
the difference in molecular weight be- 
tween fluorescein and protein, at least 
should remain unchanged. According- 
ly, a decrease in transfer coefficient by 
flow and an increase in transfer coeffi- 
cient by diffusion inevitably elicit an 
increase in aqueous protein concentra- 
tion. In actuality, however, the results 
of this study disclosed no fluctuation of 
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aqueous protein concentration at any 
measurement points throughout the 
experimental period. Our previous 
study has confirmed that the laser 
flare-cell meter can detect changes of 
approximately 15% in a parallel study 
with normal human subjects, as in the 
present study.” Thus, we conclude 
that aqueous flow rate determined by 
the modification of method II devel- 
oped by Jones and Maurice used in the 
present study is not contaminated by 
changes in transfer coefficient by diffu- 
sion, and that topical application of 
bunazosin does not suppress the for- 
mation of aqueous humor. 

In addition to flow rate, tonographic 
outflow facility and episcleral venous 
pressure were also found to be unal- 
tered by bunazosin treatment. These 
findings suggest that bunazosin does 
not affect the conventional outflow 
pathway, but instead reduces IOP by 
increasing uveoscleral outflow." This 
presumed mechanism of action appears 
to be similar to that of prostaglandin 
F,,”” which is also known to reduce 
IOP without a consistent decrease in 
aqueous flow rate or an increase in 
trabecular outflow. Nevertheless, fur- 
ther studies are necessary to confirm 
the validity and significance of this 
postulate, because a reliable method to 
evaluate uveoscleral outflow in living 
human eyes has not been established. 

The effects of selective a,-adrenergic 
antagonists on aqueous humor dynam- 
ics have been studied in experimental 
animals. In a study of monkey eyes, 
Serle et al” reported that corynanthine 
did not change aqueous flow rate or 
outflow facility, suggesting that coryn- 
anthine reduces IOP by increasing 
uveoscleral outflow. Sugiura and 
Araie” demonstrated that bunazosin 
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caused a significant reduction in IOP 
without affecting aqueous flow rate in 
rabbits. Prazosin was reported to re- 
duce IOP in rabbit eyes without chang- 
ing outflow facility.’ However, tono- 
graphic determination in rabbits’ and 
measurements using an infusion tech- 
nique in cats‘ indicated that prazosin 
decreased aqueous humor formation. 
These conflicting outcomes may result 
from differences in the techniques em- 
ployed, species of animals, and/or se- 
lectivity of the agents in blocking a,- 
adrenoceptors. On the other hand, 
there have been no studies concerning 
the effect of selective a, blockers on 
aqueous humor dynamics in human 
eyes. Thymoxamine, a nonselective a- 
adrenergic antagonist, is reported to 
have no effect on aqueous flow rate, 
outflow facility, or IOP in human 
eyes.” The present study demon- 
strated that bunazosin, a selective a,- 
adrenergic antagonist, significantly re- 
duced IOP in normal human eyes 
probably by enhancing uveoscleral out- 
flow, without a significant change in 
aqueous flow rate, tonographic outflow 
facility, or episcleral venous pressure. 
Considerable research has been con- 
ducted on the effect of B-adrenergic 
agents on aqueous humor dynamics, 
whereas limited information is avail- 
able regarding that of a-adrenergic 
agents. To further elucidate the exact 
role and importance of a-adrenergic 
systems in the eye, continued and in- 
cremental studies are awaited. 

Topical application of bunazosin 
caused minimal ocular irritation, ie, 
slight to mild conjunctival hyperemia 
of up to 2 hours’ duration. There was 
no other subjective or objective evi- 
dence of side effects from the treat- 
ments, such as discomfort, burning, 
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lacrimation, or blurred vision. Pupil- 
lary diameter was not influenced by 
the drug treatment. Flare-cell meter 
measurements confirmed that bunazo- 
sin does not increase aqueous protein 
concentration. Since aqueous flow rate 
and anterior chamber volume, which 
are known to influence aqueous protein 
concentration,” were not signifi- 
cantly affected by the application of 
bunazosin, it can be assumed that the 
rate of protein entry into the anterior 
chamber remained unchanged during 
the experimental period,” indicating 
that bunazosin did not disrupt blood- 
aqueous barrier permeability to plas- 
ma proteins. This finding is of crucial 
importance when considering the clini- 
cal use of this agent, because of the 
fact that systemically administered 
bunazosin causes relaxation of periph- 
eral arterioles as a consequence of 
postsynaptic a-adrenoceptor block- 
age,” possibly leading to dilatation of 
anterior uveal blood vessels. 

The present study suggests that 
bunazosin has potential as a safe and 
effective ocular hypotensive agent 
based on mechanisms of action differ- 
ing from those of other agents current- 
ly available for the treatment of glau- 
coma. Our findings justify continued 
research on bunazosin to determine its 
future role and value as an antiglau- 
coma agent. 
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Massive Suprachoroidal Hemorrhage With Central 


Retinal Apposition 


A Clinical and Echographic Study 


Thomas G. Chu, MD, PhD; Miriam R. Cano, MD; Ronald L. Green, MD; Peter E. Liggett, MD; John S. Lean, MD 


è We reviewed the charts of 18 pa- 
tients diagnosed with a massive supra- 
choroidal hemorrhage (MSCH) with cen- 
tral retinal apposition (kissing con- 
figuration). Four cases occurred intrao- 
peratively (expulsive), eight after a surgi- 
cal procedure (delayed), and six associ- 
ated with blunt or perforating injury 
(traumatic). In this study, echography 
was used to monitor the course of 
MSCH; the mean time for clot lysis was 
14 days, and the mean duration of central 
retinal apposition was 15 days. The ex- 
pulsive MSCHs were all allowed to re- 
solve spontaneously, with good initial 
visual outcome in three of the four eyes 
in which they occurred. In the delayed 
MSCH group, the majority of patients 
attained their prehemorrhage visual acu- 
ity, with or without early surgical inter- 
vention. In the traumatic MSCH group, 
retinal detachment was a constant com- 
plication in all patients. All six patients in 
the traumatic MSCH group had a poor 
visual outcome, despite early surgical 
intervention in five patients. The results 
of this study suggest that not all MSCHs 
need to be drained surgically and that, 
when surgical drainage is indicated, 
echography may be a useful adjunct in 
determining the optimal time of drainage. 
(Arch Ophthalmol. 1991;109:1575-1581) 


massive suprachoroidal hemor- 
rhage (MSCH) is defined as a hem- 
orrhage in the suprachoroidal space of 
sufficient volume either to cause extru- 
sion of intraocular contents outside of 
the eye or to force the inner retinal 
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surfaces into apposition (kissing). This 
is a relatively rare and devastating 
occurrence associated with intraocular 
surgery; it has been reported to occur 
during approximately 0.2% of cataract 
extractions.’ This complication has 
also been noted after glaucoma filter- 
ing operations,” penetrating kerato- 
plasty,’ and trauma." Additional risk 
factors that may predispose to MSCH 
include glaucoma, aphakia, severe my- 
opia, inflammation, and advanced 
age.”*"*"" Several theories have been 
postulated to explain the mechanism 
whereby suprachoroidal hemorrhages 
develop in nontraumatized eyes. ™™ 
Hypotony appears to be the precipitat- 
ing factor, resulting in a rupture of a 
necrotic long or short posterior ciliary 
artery." Another theory is that hypo- 
tony causes a choroidal effusion that 
stretches and ruptures either a long or 
a short posterior ciliary artery” or 
stretches and tears a vessel near the 
base of the ciliary body." Obstruction 
of venous outflow from the vortex 
veins may also be a precipitating factor 
that initiates the cascade of events 
leading to a choroidal hemorrhage.” 

The long-term visual prognosis in 
those patients suffering from a MSCH 
has generally been poor. Recently, 
several investigators have advocated 
prompt surgical drainage of such hem- 
orrhages.™™™ Unfortunately, the opti- 
mal timing for such surgical interven- 
tion has not been described. 

Massive suprachoroidal hemorrhage 
with central retinal apposition may be 
difficult to diagnose in the presence of 
opaque media. In contrast to findings 
in other reports,’ we have found 
echography to be useful in the diagno- 
sis and management of these types of 
cases. Standardized echography” can 
help establish an accurate diagnosis. 
Echography can determine the loca- 
tion and extent of a MSCH, as well as 
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determine the status of the retina and 
vitreous. Furthermore, differentiation 
between hemorrhagic choroidal de- 
tachment and serous choroidal effusion 
can be made by A- and B-scans.” 

In this study, we report our experi- 
ence with 18 consecutive cases of 
MSCH seen at the Doheny Eye Insti- 
tute, Los Angeles, Calif. In addition, 
we report the echographic characteris- 
ties of these choroidal detachments. 


PATIENTS AND METHODS 


We reviewed the clinical and echographic 
records of 85 patients with suprachoroidal 
hemorrhages seen in the Echography De- 
partment of the Doheny Eye Institute dur- 
ing a 5-year period (August 1981 through 
November 1986). Of these 85 patients, 20 
patients were identified to have a MSCH 
with central retinal apposition. Eighteen of 
these patients had had at least 6 months of 
follow-up. The other two patients were not 
followed up at our institution and were 
therefore excluded from this study. 

All patients were observed echographi- 
cally at weekly intervals until the fundus 
could be visualized with indirect ophthal- 
moscopy, or until surgical intervention was 
indicated. All echographic examinations 
were performed by two of us (R.L.G. and 
M.R.C.). Standardized echography,” stan- 
dardized A-scan (7200 MA KretzTechnik or 
Biophysic-Ophthascan S), and contact B- 
scan (Cooper Vision Ultrascan or Biophy- 
sic-Ophthascan S) were used. (All of the 
above instruments are now distributed by 
Alcon Inc, Fort Worth, Tex). The diagnosis 
of suprachoroidal hemorrhage was based on 
acoustic criteria previously described”’” 
(Fig 1). The extent and elevation of choroi- 
dal detachment, area of central adherence, 
density of the suprachoroidal hemorrhage, 
presence of clots, and presence of retinal 
detachment were all noted. 


RESULTS 


Of the 18 patients with MSCH, 12 
were female and six were male. The 
mean age was 66.3 years, with an age 
range of 8 to 91 years. 
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Fig 1.—Left, B-scan echogram. Longitudinal view demonstrating a massive suprachoroidal hemorrhage 
with central retinal apposition. Note the typical dome-shaped appearance and broad central apposition of 
the detached choroid (arrows). ON indicates optic nerve. The suprachoroidal space is filled with opacities 
denoting the presence of blood. Right, A-scan echogram demonstrating a steeply rising, double-peaked, 
wide spike (c) characteristic of a choroidal detachment; the lower-reflective spikes (arrows) in the 
suprachoroidal space represent hemorrhage. 














Table 1.—Intraoperative (Expulsive) Massive Suprachoroidal Hemorrhage * 
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* RD indicates retinal detachment; VA, visual acuity, with visual acuity in parentheses representing visual acuity immediately after resolution of suprachoroidal hem- 
orrhage; COAG, chronic open angle glaucoma; ECCE, extracapsular cataract extraction; AV, anterior vitrectomy; Aph, aphakia; ACIOL, anterior chamber intraocular lens; 
PBK, pseudophakic bullous keratopathy; PK, penetrating keratoplasty; HM, hand motions; CF, count fingers; and LP, light perception. 


These 18 patients were subdivided 
into three groups on the basis of the 
mode of presentation of the MSCH. 
Four patients developed a MSCH dur- 
ing a surgical procedure (expulsive), 
eight postoperatively (delayed), and 
six associated with either blunt or per- 
forating injury (traumatic). Tables 1, 
2, and 3 summarize the clinical and 
echographic characteristics of these 
patients. 

Of the patients suffering from 
MSCH, the majority were aphakic or 
pseudophakic; all but one patient (94%) 
had had previous cataract extraction. 
Eight patients (44%) were pseudopha- 
kic and nine (50%) were aphakic at the 
time of hemorrhage. Within the trau- 
matic MSCH group, in three (75%) of 
the four pseudophakic patients, the 
intraocular implants extruded as a re- 
sult of the trauma and wound dehis- 
cence. The one phakic patient, also in 
the traumatic group, sustained a large 
corneoscleral laceration with extrusion 
of the normal crystalline lens. 

Ten (56%) of the 18 patients had a 
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history of glaucoma. Considering only 
the patients with expulsive and de- 


layed MSCH, 88% had a history of 


glaucoma, and 50% (six patients) were 
undergoing a glaucoma filtering 
procedure. 


Four patients (22%) had a history of 


a penetrating keratoplasty. Nine pa- 
tients had had a previous vitrectomy; 
seven patients had had an anterior 
vitrectomy, while two patients had had 
a pars plana vitrectomy. 

The MSCH was drained immediate- 
ly, before any echographic evaluation, 
in five patients. All four of the patients 
in the expulsive hemorrhage group re- 
quired posterior drainage sclerotomies 
to allow closure of the surgical wound. 
The fifth patient developed a delayed 
choroidal hemorrhage 2 days after a 
glaucoma filtering procedure. Early 
drainage was indicated because of high 
intraocular pressure (70 mm Hg) unre- 
sponsive to medical therapy. Despite 
the early surgical intervention in these 
five patients, they all had recurrence 
of their MSCH. 
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Echographic Findings 


Duration of Central Retinal Appo- 
sition. —Echographically, all patients, 
including those who underwent intrao- 
perative drainage, exhibited highly el- 
evated hemorrhagic choroidal detach- 
ments with central retinal apposition. 
Follow-up examination, excluding the 
two patients who underwent early sur- 
gical intervention, revealed that the 
duration of central retinal apposition in 
MSCH ranged from 10 to 25 days, with 
the average being 15 days. A rapid 
decrease in elevation was noted after 
the 3rd week, although slight choroidal 
elevation persisted peripherally for 
longer than 6 weeks in all these pa- 
tients (Fig 2). 

Density of Choroidal Hemor- 
rhage. —On initial examination, all pa- 
tients with MSCH were noted to have 
dense clotted hemorrhage on echogra- 
phic examination. The fresh blood clots 
were seen echographically as a high- 
reflective, solid-appearing mass with 
irregular internal structure and irreg- 
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Table 2.—Delayed Massive Suprachoroidal Hemorrhage * 


Patient/Sex/ 
Age, y 


Ocular 
History Lens 


Surgical 
Procedure 


Apposition, 


Clot 
Lysis, 
d d RD Drainage VA 


Retinal 


Prehemorrhage 


Posthemorrhage 
Surgery 


Final Follow-up, 
VA mo 





5/F/70 CRVO, Aph 


NVG 


PPV-Trab-Molt | 


6 6 2d 6d LP 


LP 7 PPV (6 d) 





6/F/42 PGlau Aph PPV 


18 T as 20/80 


20/100 





7/F/91 MM IOL RP 


15 3 mo 


20/80 


NLP 





8/M/68 COAG IOL Trab 


25 3 mo 1d 


20/200 


20/400 PPV (3 mo) 





9/F/80 COAG  Aph AV-Molt Il 


18 miey ET HM 


HM 





10/F/76 COAG IOL Trab-CD 


15 wavs arise 20/400 


20/300 





11/F/8 2° Glau Aph Molt Il 


16 20/400 


NLP PPV (1 mo) 





12/F/67 COAG Aph_ Molt Il 


15 Fa Éi 20/30 





20/40 


* RD indicates retinal detachment; Drainage, time of surgical drainage of suprachoroidal hemorrhage; VA, visual acuity; CRVO, central retinal vein occlusion; NVG, ne- 
ovascular glaucoma; PPV, pars plana vitrectomy; Trab, trabeculectomy; Molt |, Molteno implant not connected to anterior chamber; Molt Il, Molteno implant connected 
to anterior chamber; PGlau, pigmentary glaucoma; MM, choroidal malignant melanoma; RP, radiation plaque; COAG, chronic open angle glaucoma; CD, cyclodiathermy; 
2° Glau, secondary glaucoma due to trauma; AV, anterior vitrectomy; Aph, aphakia; IOL, intraocular lens; LP, light perception; NLP, no light perception; and HM, hand 
motions. 








Table 3.—Traumatic Massive Suprachoroidal Hemorrhage * 





Retinal Clot 






























































Patients/Sex/ Ocular Apposition, Lysis, Drainage, Final Follow-up, Posthemorrhage 

Age, y History Lens Trauma d d RD d VA mo Surgery 
13/M/57 ECCE-PK PCIOL CWD 25 15 2 mo HM 21 PPV (2 mo) 
14/M/90 ECCE PCIOL SL 16 18 15d 19 NLP 6 PPV (19 d) 
15/M/80 ICCE Aph CWD 15 17 10d 17 1/200 9 PPV (17 d) 
16/M/61 ECCE PCIOL CWD 12 1d 12 20/70 8 PPV (12 d) 
17/F/67 ECCE-PK ACIOL PKWD 14 12d 16 HM 9 PPV (16 d) 
18/F/38 Phak CSL 11 11 1d NLP 6 


* RD indicates retinal detachment; Drainage, time of surgical drainage; VA, visual acuity; ECCE, extracapsular cataract extraction; ICCE, intracapsular cataract ex- 








traction; Aph, aphakia; Phak, phakia; PCIOL, posterior chamber intraocular lens; ACIOL, anterior chamber intraocular lens; CWD, cataract wound dehiscence; SL, scleral 
laceration; PKWD, penetrating keratoplasty wound dehiscence; CSL, corneoscleral laceration; PK, penetrating keratoplasty; HM, hand motions; NLP, no light perception; 


and PPV, pars plana vitrectomy. 


ular shape (Fig 3, top). Subsequently, 
the blood clots were observed to de- 
crease in size. A lower and more regu- 
lar internal reflectivity, due to in- 
creased homogeneity of the internal 
structure of these clots, was also noted 
on ultrasound (Fig 3, center). During 
dynamic echographic examination, flu- 
id blood could be seen moving freely in 
the suprachoroidal space. Eventually, 
complete liquefaction of these hemor- 
rhages was noted; the suprachoroidal 
space was seen to be filled with dif- 
fuse, low-reflective mobile opacities 
(Fig 3, bottom). The time to complete 
liquefaction of the MSCH, by echogra- 
phic determination, ranged from 6 to 
25 days, with an average of 14 days. 
Since the echographic examinations 
were performed on a weekly basis, 
however, the actual mean clot lysis 
time may vary from 7 to 14 days. 
Presence of Retinal Detach- 
ment.— Within the first 15 days of 
presentation of MSCH, extensive reti- 
nal detachment was diagnosed with 
echography in seven (39%) of the 18 
patients. Five of these patients were in 
the posttraumatic group, while the re- 
maining two patients had delayed on- 
set. Six other cases (two expulsive and 
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four delayed) exhibited a shallow pos- 
terior serous elevation of the retina 
once the choroidal detachments began 
to decrease in elevation (Fig 4). The 
detachment in only one of these pa- 
tients progressed to a more extensive 
retinal detachment; the other five de- 
tachments resolved spontaneously. 


Management and Clinical Outcome 


All four of the patients with intrao- 
perative (expulsive) MSCH with cen- 
tral retinal apposition (Table 1) under- 
went immediate drainage at the time 
of initial surgery to facilitate closure of 
the surgical wound. This early surgical 
intervention proved to be only a tem- 
porizing measure; all four patients 
showed recurrence of their MSCH 
within 24 hours. The MSCH was al- 
lowed to resolve spontaneously in all 
the patients in this group. Spontane- 
ous resolution of the hemorrhage oc- 
curred uneventfully. Indeed, two pa- 
tients achieved a visual acuity in the 
20/80 to 20/100 range. The long-term 
visual results in this group, however, 
were disappointing. In two eyes (pa- 
tients 2 and 4), a retinal detachment 
developed. In one patient, the visual 
acuity before the retinal detachment at 
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12 months was 20/80; however, she 
refused further surgery, and her vision 
deteriorated to hand motions. Another 
patient developed a retinal detachment 
at 1 month. She also refused surgery 
and had a final visual acuity of light 
perception. Of the two remaining pa- 
tients in this group, one patient had 
progression of glaucomatous optic disc 
damage, with deterioration of vision 
from 20/100 to hand motions. The last 
patient had an initial visual acuity of 
3/200 after resolution of the MSCH. 
Subsequently, however, the patient 
developed a branch retinal vein occlu- 
sion with loss of vision to the level of 
counting fingers. 

Of the eight patients with delayed 
massive suprachoroidal hemorrhage 
with central retinal apposition (Table 
2), five patients (63%) had spontaneous 
resolution in the immediate postopera- 
tive period (patients 6, 8 through 10, 
and 12). All five of these patients re- 
gained within one line of their preoper- 
ative level of visual acuity. One of 
these five patients, patient 8, under- 
went a drainage procedure on postop- 
erative day 1. In this patient, howev- 
er, the MSCH reaccumulated despite 
drainage and was allowed to resorb 
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Fig 2.—Case 12. Left, B-scan echogram demonstrating a massive suprachoroidal hemorrhage with 
retinal apposition 24 hours after the hemorrhage occurred. ON indicates optic nerve. Center, Echographic 
examination at 2 weeks shows a decrease in the elevation of the choroidal detachment. Right, Resorption 
of the suprachoroidal hemorrhage is seen 5 weeks after hemorrhage. A shallow suprachoroidal hemor- 
rhage is seen peripherally (arrows). 


spontaneously. This patient, therefore, 
is included in this group of patients. 
Patient 8, moreover, developed a rheg- 


matogenous retinal detachment 3 
months after the choroidal hemor- 


rhage. Retinal reattachment was ac- 
complished successfully via sophisti- 
cated vitreoretinal surgical techniques, 
including pars plana vitrectomy and 
intraocular sulfur hexafluoride tam- 
ponade, with recovery of visual acuity 
within one line of the pre-MSCH level. 
Two (25%) of the eight patients in this 
group required surgical intervention 
within the immediate postoperative 
period due to extensive retinal detach- 
ment as diagnosed by echography (pa- 
tients 5 and 11). Surgical intervention 
was delayed, however, until echogra- 
phic evidence of complete liquefaction 
of the blood clots was obtained. De- 
spite retinal reattachment surgery in- 
volving par plana vitrectomy, both 
eyes had become phthsical. These 
eyes, however, had underlying patho- 
logic conditions that may have predis- 
posed them to developing phthisis 
bulbi. One of these patients (patient 5) 
had a history of central retinal vein 
occlusion with neovascular glaucoma; 
the other patient (patient 11) had a 
history of trauma resulting in second- 
ary glaucoma that required multiple 
filtering procedures. The last patient 
in this group (patient 7) developed a 
MSCH after radiation treatment of a 
choroidal melanoma. A retinal detach- 
ment developed 3 months later; fur- 
ther surgery was not advised. 

All six patients in the group with 
traumatic MSCH with central retinal 
apposition (Table 3) developed retinal 
detachments after the hemorrhage. 
Five of the six eyes developed a retinal 
detachment within the immediate 
postoperative period (patients 14 
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through 18). The hemorrhage was al- 
lowed to resolve spontaneously in two 
eyes (patients 13 and 18). One of these 
eyes developed a late retinal detach- 
ment at 2 months, requiring pars plana 
vitrectomy surgery for surgical repair 
(patient 13). The patient, however, 
had only hand motions vision on follow- 
up examination at 21 months. In the 
other case, a retinal detachment was 
present 1 day after repair of a large 
corneoscleral laceration (patient 18). 
The eye, however, had vision of no 
light perception, and further surgery 
was not advised. In the remaining four 
eyes in this group (patients 14 through 
17), elective drainage of the choroidal 
hemorrhage was undertaken because 
of retinal detachment with associated 
vitreous and or retinal incarceration in 
the traumatic laceration. In all these 
cases, drainage of the choroidal hemor- 
rhage was delayed until lysis of the 
original clot was confirmed echogra- 
phically. Drainage of the hemorrhage 
was successfully combined with sophis- 
ticated vitreoretinal surgery, including 
pars plana vitrectomy and intraocular 
sulfur hexafluoride or silicone oil tam- 
ponade, in three of these eyes (patients 
15 through 17). After drainage of the 
choroidal hemorrhage, the fourth eye 
(patient 14) was found to have a 360° 
giant retinal tear, and further surgery 
was not performed. 


COMMENT 


Massive suprachoroidal hemorrhage 
is a devastating complication of ocular 
surgery and trauma. In our retrospec- 
tive series, we identified 18 patients 
with clinical and echographic evidence 
of MSCH with central retinal apposi- 
tion. These 18 patients were further 
subdivided, on the basis of their mode 
of presentation, into expulsive, de- 
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layed, and traumatic hemorrhage 
group. 

The characteristics of our patient 
population did not differ significantly 
from those reported in the litera- 
ture." The majority of our pa- 
tients had had previous cataract ex- 
traction (94%). Ten of our 18 patients 
also presented with a history of glauco- 
ma. Four patients had a history of 
penetrating keratoplasty, and nine pa- 
tients had a history of vitreous 
manipulation. 

Many recent reports in the litera- 
ture have advocated early surgical in- 
tervention in the management of 
MSCH.” These reports encompass 
different subgroups of MSCH. Both 
Lambrou et al“ and Lakhanpal et al” 
were encouraged by early surgical in- 
tervention in patients suffering from 
expulsive MSCH. Abrams et al,” Gres- 
sel et al,” and Frenkel and Shin” all 
believed that early surgical drainage 
may be beneficial in patients with de- 
layed MSCH. In our series, all patients 
had MSCH and central retinal apposi- 
tion. We observed that good initial 
visual outcome can be attained without 
early surgical drainage in both expul- 
sive and delayed MSCH, and that 
echography may be a helpful adjunct in 
the treatment of patients in whom 
surgical drainage is warranted. 

Four of our 18 patients developed 
MSCHs intraoperatively. All four pa- 
tients underwent intraoperative place- 
ment of sclerotomies to facilitate drain- 
age and wound closure, as previously 
described.” All four of these patients, 
however, had rapid reaccumulation of 
the hemorrhage. The reaccumulated 
hemorrhages were allowed to resolve 
spontaneously in all four cases. De- 
spite good initial visual acuity after 
resolution of the hemorrhage, all four 
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Fig 3.—Case 16. Top left, B-scan echogram 24 hours after repair of a cataract wound dehiscence. Note 
the massive suprachoroidal hemorrhage with central retinal apposition; the solid-appearing mass in the 
suprachoroidal space (arrows) represents a large blood clot. Top right, A-scan showing the high and 
irregular reflectivity of the fresh clot. Center left, B-scan echogram 5 days later. The large clot is still 
present (arrows); however, it now appears more homogeneous (echolucent). Center right, A-scan 
echogram 5 days later. Note the high and wide spike from the detached choroid (c) and lower-reflective 
spikes from the edges of the clot (small arrows). The internal reflectivity of the clot itself is lower and more 
homogeneous (large arrows). Bottom left, B-scan echogram 2 weeks after occurrence of massive 
suprachoroidal hemorrhage. The suprachoroidal space is filled with fine diffuse opacities (mobile during 
dynamic examination) indicative of clot lysis. Bottom right, Corresponding A-scan echogram 2 weeks 
after hemorrhage, exhibiting choroidal detachment (c) and low regular internal reflectivity of the liquefied 
blood (arrows). 
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Fig 4.—Case 10. B-scan echogram demon- 
strating a shallowly elevated, high-reflective 
membrane (large arrow) inserting into the op- 
tic nerve (ON) representing a shallow posteri- 
or retinal detachment. Note the moderate ele- 
vation of the choroidal detachment (small 
arrow). 


patients had poor visual outcome be- 
cause of subsequent retinal detach- 
ment or progression of their underly- 
ing ocular disease. These results are 
not unlike those reported in the litera- 
ture, with or without surgical drainage 
of the hemorrhage." Taylor’ re- 
ported severe visual loss in four of five 
patients with expulsive MSCH. De- 
spite early surgical drainage of the 
hemorrhage in the study conducted by 
Lakhanpal et al," only one of five 
patients with an expulsive MSCH re- 
gained visual acuity greater than 
20/200. Lambrou et al also reported 
early surgical drainage in six patients 
with MSCH; only one patient, howev- 
er, recovered visual acuity to the 
20/200 level. Welch et al’ were some- 
what more encouraged by early surgi- 
cal drainage in expulsive MSCH in 
their group of patients with vitreous, 
but not retinal, incarceration. Five of 
seven patients who underwent early 
surgical drainage recovered visual acu- 
ity of 20/200 or better. Five of six 
patients who had only initial observa- 
tion, however, had visual acuity of 
20/200 or better, although some pa- 
tients required subsequent vitreore- 
tinal surgery for retinal detachments. 
Therefore, it appears from our results, 
and those of others, that early surgical 
drainage may not be necessary in all 
cases of MSCH. 

Eight of our 18 patients developed a 
delayed MSCH. In this group, all five 
patients who were followed up without 
surgical drainage maintained their pre- 
hemorrhage visual acuity. Two pa- 
tients underwent early surgical drain- 
age, and both maintained preoperative 
vision. Despite surgical drainage and 
sophisticated vitreoretinal surgery at 1 
month, the eye of another patient de- 
veloped phthsis bulbi. Our findings 


1580 


suggest that not all patients with de- 
layed MSCH need to undergo early 
surgical decompression of the choroi- 
dal hemorrhage. Our results, however, 
are in contrast to those of several 
reports in the literature. ™*" Gressel 
et al” reported five cases of delayed 
MSCH, with only one patient undergo- 
ing early surgical drainage. Interest- 
ingly, this patient was the only patient 
in their study who maintained a visual 
acuity better than hand motions. Ru- 
derman et al’ described nine patients 
who underwent surgical drainage 
within 72 hours of a MSCH after filtra- 
tion surgery. Of these nine patients, 
only two regained prehemorrhage vi- 
sual acuity. Ariano and Ball” present- 
ed five cases of delayed MSCH, with 
three patients undergoing surgical 
drainage. Two of these three patients 
recovered their prehemorrhage visual 
acuity. Of the two remaining patients 
in that study, one patient maintained 
prehemorrhage visual acuity without 
the need for surgical drainage. Abrams 
et al” reported the greatest success 
with early surgical drainage in patients 
with delayed MSCH. In their study, 
three of seven patients maintained 
prehemorrhage visual acuity, and two 
of seven patients actually had a final 
visual acuity that was better than their 
prehemorrhage visual acuity. Frenkel 
and Shin" described two patients who 
recovered baseline visual acuity after 
prompt surgical drainage. 

Interestingly, both Gressel and co- 
workers” and Abrams et al’ men- 
tioned that delayed MSCH may be 
more serous in nature than expulsive 
MSCH and therefore easier to drain. 
We did not find this to be the case 
either clinically or echographieally. 

Six of our 18 patients developed 
MSCH as a result of trauma. The 
visual recovery in this group was poor. 
Despite early surgical drainage in four 
patients, combined with sophisticated 
vitreoretinal surgery, including pars 
plana vitrectomy and intraocular gas- 
silicone oil tamponade, only one pa- 
tient recovered useful vision. The two 
patients who did not undergo surgical 
drainage also fared poorly; neither pa- 
tient recovered useful vision. The poor 
visual outcomes in this group may be 
attributable to the presence of an early 
retinal detachment after the MSCH; 
the poor visual outcomes may also be 
due to direct damage sustained at the 
time of trauma. 

We included these six patients with 
traumatic MSCH in this study because 
the characteristics of the choroidal de- 
tachment were similar to those of the 
choroidal detachment seen in the ex- 
pulsive and delayed MSCH groups. 
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The choroidal detachments in the trau- 
matic group all were of a highly elevat- 
ed nature, and all had central retinal 
apposition. We believe that the patho- 
physiologic mechanism of MSCH for- 
mation in this group, namely hypotony 
secondary to either wound dehiscence 
or globe rupture, may be similar to 
that of an expulsive or delayed surgical 
nature. Furthermore, the clinical and 
echographic characteristics of the cho- 
roidal detachment seen in this group 
were entirely distinct from those of 
traumatic choroidal hemorrhages sec- 
ondary to direct laceration of choroidal 
blood vessels. In our experience, cho- 
roidal hemorrhages secondary to ves- 
sel laceration tend to be more diffuse 
and less highly elevated than those 
reported here, without central retinal 
apposition. 

Our results are not dissimilar to 
those reported by Welch et al.’ Four of 
six patients in our traumatic MSCH 
group had dehiscence of a surgical 
wound, followed by retinal detach- 
ment. Welch et al described 12 pa- 
tients with expulsive MSCH during 
cataract extraction with immediate 
retinal detachment. These patients 
had severe vitreous prolapse incarcer- 
ated within the cataract wound. De- 
spite drainage and vitreoretinal sur- 
gery, Welch et al also reported poor 
visual outcome in their 12 patients. 
Our results are not directly compara- 
ble with those of Welch et al’; howev- 
er, our results suggest that patients 
with MSCH from trauma have a poor 
visual prognosis, with or without early 
surgical drainage. 

Several indications for early surgical 
drainage of MSCH have been pro- 
posed. ™" These include MSCH associ- 
ated with central retinal apposition, 
rhegmatogenous retinal detachment, 
tractional retinal detachment second- 
ary to vitreoretinal incarceration, in- 
creased intraocular pressure, retained 
lens material during cataract surgery, 
vitreous hemorrhage, and intractable 
eye pain. Berrocal” reported that reti- 
nal surfaces in apposition can become 
fixed. In our series of patients, the 
mean time of retinal apposition was 15 
days. Despite this prolonged period of 
apposition of retinal surfaces, no evi- 
dence of persistent retinal adherence 
was noted either clinically or 
echographically. 

Several reports in the literature 
have questioned the ability of ultra- 
sound to help in the diagnosis and 
management of MSCH.**” In contrast, 
we found echography to be useful in 
the management of such cases. Blood 
clots can be readily identified in the 
suprachoroidal space (Fig 5), as can 
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Fig 5.—Left, B-scan echogram of a patient with a suprachoroidal hemorrhage 2 days after the hemor- 
rhage occurred. The blood clot in the suprachoroidal space is easily identified (arrow). Right, Correspond- 
ing A-scan shows the choroidal detachment (c) and the edges of the clot (arrows) with a low to medium, 
irregular internal reflectivity. 


the progression of clot lysis. In our 
patients, complete liquefaction of the 
clot occurred between 6 and 25 days. If 
early surgical drainage of a massive 
suprachoroidal hemorrhage is warrant- 
ed, echography may be a helpful ad- 
junct in determining the optimal time 
for drainage. In our patients who did 
undergo early surgical intervention, 
drainage was delayed until echogra- 
phic evidence was obtained indicating 
liquefaction of the hemorrhage. By al- 
lowing for complete liquefaction of the 
hemorrhage, one can avoid probing the 
suprachoroidal space for residual clots, 
a maneuver that may cause further 
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bleeding or retinal damage, yet facili- 
tate the evacuation of the hemorrhage 
and restoration of normal ocular anato- 
my. It would appear that surgical in- 
tervention is most effective when clot 
lysis is complete; however, whether 
complete liquefaction of the hemor- 
rhage is absolutely necessary for suc- 
cessful hemorrhage drainage remains 
unknown. In our series, the mean time 
for clot lysis was 14 days, as deter- 
mined by echography. Interestingly, 
Welch et al,” Lambrou et al,” and 
Lakhanpal et al" all advocated delay- 
ing drainage of a MSCH for 7 to 14 
days. 
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Sinus Histiocytosis Involving the Lacrimal Sac and Duct 


A Clinicopathologic Case Report 


Peter J. Dolman, MD; Gerald J. Harris, MD; Louis H. Weiland, MD 


è A 17-year-old girl with right-sided 
epiphora and a lacrimal sac mass was 
found radiologically to have marked en- 
largement of her lacrimal sac and naso- 
lacrimal duct and mucosal thickening of 
her right nasal turbinates and maxillary, 
ethmoid, and sphenoid sinuses. Biopsy 
specimens from all these sites showed 
chronic inflammatory infiltrates with a 
predominant population of large phago- 
cytic histiocytes, some of which had en- 
gulfed lymphocytes and plasmacytes. 
The results of a systemic workup were 
normal. This is the first reported case, to 
our knowledge, of sinus histiocytosis 
involving the lacrimal sac and nasolacri- 
mal duct as an extranodal focus. 

(Arch Ophthalmol. 1991;109:1582-1584) 


Q inus histiocytosis with massive 

lymphadenopathy, or Rosai-Dorf- 
man disease, is a rare, benign prolifer- 
ation of phagocytic histiocytes. Most 
affected patients are children or young 
adults, with massive painless cervical 
lymphadenopathy. ' Approximately 
30% of patients have extranodal in- 
volvement, including the upper respi- 
ratory tract, salivary gland, orbit, eye- 
lid, skin, and bone; these may be the 
predominant or only manifestations of 
the disease.” The following is the first 
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case, to our knowledge, involving the 
lacrimal sac and nasolacrimal duct. 


REPORT OF A CASE 


A 17-year-old black girl was referred 
because of right epiphora, lid crusting, and 
lacrimal sac swelling of 2 months’ duration. 
She had undergone right lacrimal probing 
at age 13 years, with relief of symptoms 
until the recent recurrence. She was afe- 
brile and otherwise healthy. 

Examination revealed a firm, nontender 
mass in the region of the right lacrimal sac 
below the medial canthal tendon. There was 
no overlying erythema or purulent reflux 
through the canaliculi. Dye placed in her 
right conjunctival fornix did not pass into 
the nose (Jones I negative), although subse- 
quent irrigation showed some passage of 
dye (Jones II partial obstruction). There 
was no cervical lymphadenopathy or sinus 
tenderness. 

To rule out a dacryolith or neoplasm, 
magnetic resonance imaging was per- 
formed, and it showed marked distension 
of the sac and nasolacrimal duct (Fig 1) as 
well as mucosal thickening of the maxillary 
antrum and nasal turbinates and inflamma- 
tion in the ethmoid and sphenoid sinuses 
(Fig 2). 

A sac biopsy was performed through a 
lower-lid crease skin incision. The sae wall 
was thickened and hard, reducing the lu- 
men to a tiny slit. Frozen sections were 
interpreted as infiltrated with mixed, 
chronic, inflammatory cells but no tumor. A 
dacryocystorhinostomy was therefore per- 
formed with placement of silicone stents. 
The patient was treated for 1 week after 
surgery with oral cephalexin but did not 
return for her follow-up appointments. 

Five months later, she returned with 
resumption of right epiphora, swollen sac, 
and discharge. Computed tomography 
showed a similar disease process with en- 
largement of the sac and duct and greater 
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involvement of the paranasal sinuses. 

A combined oculoplastie and otolaryngol- 
ogy team exenterated the ethmoids and 
right maxillary antrum. Additional portions 
of the right lacrimal sac and nasolacrimal 
duct were removed, the bony ostium was 
re-created into the nose, and silicone stents 
were passed. 

Tissue from all these sites was fixed in 
formaldehyde. All areas showed similar dis- 
ease with marked fibrosis and zones of 
clear, large histiocytes admixed and inter- 
spersed with prominent islands of lympho- 
cytes and plasma cells (Fig 3). Some of the 
histiocytes contained lymphocytes and plas- 
ma cells within cytoplasmic vacuoles (Fig 
4). The histiocytes were positive for S100 
and actin immunoperoxidase stains. No or- 
ganisms were identified on any of the sec- 
tions. The diagnosis of extranodal sinus 
histiocytosis was made at the Department 
of Surgical Pathology at the Mayo Clinic. 

Following this diagnosis, the patient was 
referred for hematologic screening. Physi- 
cal examination showed no lymphade- 
nopathy or hepatosplenomegaly. Her 
complete blood cell count, erythrocyte sedi- 
mentation rate, and protein electrophoresis 
pattern were normal. 

The patient was treated with topical ste- 
roid drops for 2 months, with the hope of 
preventing rapid closure of her ostium. 
Four months after the surgery, the ostium 
had narrowed around the silicone stents, 
and she had developed epiphora. She elect- 
ed to wait several months before deciding 
on additional drainage surgery. 


COMMENT 


Sinus histiocytosis with massive 
lymphadenopathy was first catego- 
rized as a distinct pseudolymphoma- 
tous entity in 1969 by Rosai and Dorf- 
man.’ By 1984, they had compiled a 
registry of 215 patients with this 
disease.” 
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Fig 1.—Magnetic resonance image shows a markedly enlarged right Fig 2.—Magnetic resonance image shows mucosal thickening of the 
lacrimal sac and nasolacrimal duct and opacification of the right right maxillary sinus and both ethmoid sinuses. 


ethmoid sinuses. 


The condition primarily affects indi- 
viduals in the first two decades of life. 
There is no sex predilection, but blacks 
are more frequently affected than oth- 
er races. Patients usually present with 
nontender, massive lymphadenopathy 
involving the cervical and, occasional- 
ly, the axillary and inguinal lymph 
nodes.* 

According to a series of 113 patients 
by Foucar and colleagues,’ 28% of pa- 
tients have involvement of one or more 
extranodal sites, including the upper 
respiratory tract, salivary gland, or- 
bit, eyelids, eye, skin, and bone. In 
some patients, the extranodal site may 
be the primary or only location of the 
disease. The designation “sinus histio- 
cytosis with massive lymphadeno- 
pathy” is misleading in such cases since 
lymph node enlargement may be ab- 
sent and sinuses do not exist in extran- 
odal tissue.” Variable clinical and lab- 
oratory findings include fever, anemia, 
neutrophilia, hypergammaglobuline- 
mia, and an elevated erythrocyte sedi- 
mentation rate.*" 

The characteristic microscopic fea- 
tures include capsular fibrosis of af- 
fected lymph nodes, with a prolifera- 
tion of lymphocytes and plasmacytes. 
The sinuses are infiltrated with histio- 
cytes with nuclei containing active nu- 
cleoli and abundant cytoplasm.’ A dis- 
tinct finding is phagocytosis of viable 
lymphocytes, erythrocytes, and plas- 
ma cells into cytoplasmic vacuoles.“ 
The cells reportedly contain lysosomal 
enzymes and are weakly reactive for 
$100. An immunohistochemical study 
of eight cases in Rwanda found some 
histiocytes containing immuno- 
globulins.” 
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Fig 3.—Nestled in a background population of lymphocytes and plasma cells are large, 
conspicuous histiocytes, some demonstrating phagocytosis of plasma cells and lymphocytes 
(arrow) (original magnification x 630). 


Fig 4.—Some striking histiocytes are engorged with numerous lymphocytes (arrow) (original 
magnification x 630). 
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The course of the disease is variable. 
Typically, patients suffer a relapsing, 
indolent course with eventual sponta- 
neous resolution months to years after 
onset.* A small percentage of patients 
may die from complications of this 
disease; immune dysfunction is a com- 
mon finding in these individuals.’ Ex- 
tranodal involvement does not appear 
to increase the risk of mortality.’ 
Treatment with antibiotics, corticoste- 
roids, immunotherapy, and radiothera- 
py has been disappointing, with only 
rare reports of response to therapy.” 
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Surgery may be beneficial for discrete 
extranodal masses.” 

Ophthalmic involvement with this 
disease was reported in approximately 
11% of 113 patients studied by Foucar 
et al.” Based on their series and other 
individual reports," the most com- 
mon presentation is of firm, nontender 
masses in the anterior orbital soft tis- 
sue, sometimes including the lacrimal 
gland. The eyelids are involved usually 
as an extension of the orbital process, 
but occasionally as an isolated finding. 
Globe infiltration is rare.'" Five (42%) 
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of 12 patients with ophthalmic sinus 
histiocytosis also had involvement of 
the nasal mucosa or sinuses.” To our 
knowledge, ours is the first reported 
case involving the lacrimal sac and 
nasolacrimal duct. 

Our patient never developed lym- 
phadenopathy or systemic evidence of 
immune dysfunction, so her prognosis 
for survival is good. However, her 
localized disease already showed evi- 
dence of recurrence with epiphora, and 
she may require a dacryocystectomy 
with Jones tube stenting. 
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Eosinophil and Neutrophil Degranulation in Ophthalmic 


Lesions of Wegener’s Granulomatosis 


Stefan D. Trocme, MD; George B. Bartley, MD; R. Jean Campbell, MB, ChB; Gerald J. Gleich, MD; Kristin M. Leiferman, MD 


è Although eosinophils and neutro- 
phils have been identified in orbital and 
corneoscleral tissues in some patients 
with Wegener’s granulomatosis, their 
role in the pathogenesis of the disorder 
is not completely understood. Nine spec- 
imens from six patients with Wegener's 
granulomatosis and autopsy controls 
from patients without ophthalmic dis- 
ease were evaluated with indirect immu- 
nofluorescence for eosinophil granule 
major basic protein and neutrophil elas- 
tase. Extracellular deposition of both ma- 
jor basic protein and elastase was identi- 
fied in orbital tissues from all the 
patients with Wegener's granulomatosis. 
Two of the specimens were from enucle- 
ated eyes with corneoscleral disease; 
extracellular deposition of eosinophil 
major basic protein was identified in one 
eye, and extracellular neutrophil elastase 
was deposited in both eyes in lesional 
areas. None of the control tissues 
showed major basic protein or elastase 
deposition. These findings suggest that 
both eosinophils and neutrophils partici- 
pate in the pathogenesis of the orbital 
and corneoscleral manifestations of We- 
gener’s granulomatosis. 

(Arch Ophthalmol. 1991;109:1585-1589) 
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n 1939 Wegener’ described the dis- 

ease that now bears his name, We- 
gener’s granulomatosis, as a distinct 
clinical entity, although at an earlier 
date Klinger’ probably referred to the 
same disease process. Godman and 
Churg” further established pathologic 
features, some originally described by 
Wegener, such as generalized small- 
vessel vasculitis and necrotizing gran- 
ulomas, focal necrotizing glomerulone- 
phritis, and vasculitis of the upper and 
lower respiratory tract. The disease 
predominantly involves the respira- 
tory tract and kidney,’ and, if untreat- 
ed, it rapidly causes renal failure and 
death. A limited form of Wegener's 
granulomatosis in which the renal com- 
ponent is absent was first described by 
Carrington and Liebow’ and later sup- 
ported by Cassan et al.” Limited We- 
gener’s granulomatosis appears to 
have a more favorable response to 
corticosteroid therapy, resulting in 
longer survival. 

Both the complete and the limited 
forms of Wegeners granulomatosis 
may have ocular manifestations that 
include conjunctivitis, scleritis, uve- 
itis, optic neuritis, corneoscleral ulcer- 
ation, and proptosis from orbital in- 
flammation.”” Corneoscleral lesions 
typically present as a peripheral corne- 
al infiltrate or furrowlike ulceration, 
with or without adjacent scleritis. Sev- 
eral reports have described the histo- 
pathologic changes associated with 
corneoscleral disease in Wegener's 
granulomatosis; these include necrosis; 
giant cells; and an inflammatory infil- 
trate with eosinophils, neutrophils, 
and lymphocytes." Eosinophils and 
neutrophils have also been noted histo- 
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logically in orbital tissue in Wegener's 
granulomatosis”; the role of these 
cells in Wegener's disease as effectors 
of tissue injury has not previously been 
investigated, to our knowledge. 

Both eosinophils and neutrophils 
contain toxic granule proteins that 
may mediate damage if deposited in 
tissue. The core protein of the eosino- 
phil granule,” major basic protein, is a 
potent cytotoxin that is deposited in 
areas of tissue injury in systemic 
vasculitis” and hypersensitivity dis- 
ease.” When major basic protein is 
identified in tissues, the concurrent 
deposition of other toxic eosinophil 
granule proteins, including eosinophil- 
derived neurotoxin, eosinophil peroxi- 
dase, and eosinophil cationic protein, is 
presumed.” Previous experiments 
have demonstrated that major basic 
protein induces noncytotoxic histamine 
secretion from rat mast cells anc hu- 
man basophils" and is toxic to 
helminths. °°” 

Neutrophil elastase is a neutral ser- 
ine protease with bactericidal proper- 
ties located in the azurophilic or prima- 
ry granules of the neutrophil.” Its 
elastolytic activity may cause tissue 
injury in various disease states,**' and 
neutrophil elastase has been found de- 
posited in the dermis outside neutro- 
phils in the IgE-mediated cutaneous 
late-phase reaction.” 

We tested whether eosinophils or 
neutrophils release their granule prod- 
ucts in orbital and corneoscleral lesions 
of Wegener's granulomatosis with indi- 
rect immunofluorescence localization of 
eosinophil granule major basic protein 
and neutrophil elastase in tissue 
specimens. oie 


A 
% 


’ 


A A 


$F as 
4 wie, T 


Clinical and Immunofluorescence Data on Six Patients With Wegener's Granulomatosis 


Patient Year of Year of Eye Lung/Renal Extracellular Eosinophil Extracellular 
No./Sex Orbit Biopsy Enucleation Involvement * Major Basic Protein Stainingt Elastase Stainingt 





1/F 1974 F +/+ E 2+ 3+ 


2/F 1970 Sane ; += 3+ 3+ 
3/F 1967 TE +/= 3+ 2+ 











1969 r ae 2+ 
1974 Pi = F 2+ 
1972 RT 1+ 
1980 2+ 
2 3+ 

3+ 




















*Plus sign indicates yes; and minus sign, no. 
tA score of 0 indicates no extracellular staining; 1+, scattered foci containing light amounts of staining; 2+, scattered foci containing intense staining; and 3+, intense 
staining throughout large areas of the lesion. 










Fig 1.—Top, Orbital biopsy specimen from patient 2 with Wegener's 
granulomatosis, exhibiting an inflammatory infiltrate with necrotizing 
granulomas and fibrinoid necrosis (hematoxylin-eosin, original magni- 
fication x 160). Center and bottom, Same fields stained with indirect 
immunofluorescence for eosinophil major basic protein (center) and 
neutrophil elastase (bottom), exhibiting cellular and extracellular 





OS 


aL. Be 


MATERIALS AND METHODS 


We reviewed case histories of patients 
with orbital or corneoscleral manifestations 
of Wegener's granulomatosis who were ex- 
amined at the Mayo Clinic, Rochester, 
Minn, between 1966 and 1982, as described 
previously.’ The pathologic material was 
reviewed, and only the six patients whose 
pathologic findings met the criteria of God- 
man and Churg? were included in this 
study. Control specimens included orbital 
tissues obtained at autopsy from six pa- 
tients and two enucleation specimens; none 
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of these patients had a history of ophthal- 
mic disease. 

An indirect immunofluorescence assay 
was used to detect eosinophil major basic 
protein in formalin-fixed tissue, as de- 
scribed elsewhere.” Paraffin-embedded 
sections were cut, mounted on slides, and 
deparaffinized in xylene. The sections were 
rehydrated, treated with trypsin, and incu- 
bated in 10% normal goat serum. The slides 
were then overlaid with either the negative 
control serum (normal rabbit IgG) or the 
test material (affinity chromatography—pur- 
ified rabbit antibody to human eosinophil 
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staining (original magnification x 160). 








granule major basic protein), The slides 
were subsequently stained with 1% chromo- 
trope 2R to eliminate nonspecific eosinophil 
fluorescence, and overlaid with a fluor- 
escein-conjugated IgG fraction of goat an- 
tirabbit IgG. The slides were mounted in 
glycerol solution containing paraphenylene- 
diamine to reduce fluorescent fading.” 
Slides were examined with a fluorescent 
microscope, and photomicrographs were 
taken. A formalin-fixed nasal polyp with 
numerous eosinophils served as a positive 
control. 

Tissue sections used for detection of neu- 
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trophil elastase were incubated in 10% nor- 
mal rabbit serum (Lot 81579, Pel Freeze 
Biological, Rogers, Ark). After washing, 
serial sections were overlaid either with 50- 
mg/L protein A-purified normal sheep IgG 
(Sigma, St Louis, Mo) as a control or with 
50-mg/L affinity chromatography-purified 
sheep antibody to neutrophil elastase (anti- 
elastase). The slides were stained with 1% 
chromotrope 2R and subsequently overlaid 
with fluorescein-conjugated IgG fraction of 
rabbit antisheep IgG (Lot 26481, Cappel, 
Westchester, Pa). 

Histologic slides were assigned a grade 
by consensus of two masked observers 
(S.D.T. and K.M.L.). Extracellular stain- 
ing was graded on a scale from 0 to 3+ 
based on the extent and intensity of fluores- 
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Fig 2.—Top, Low-power (original magnification x10) photomicro- 
graph of enucleated eye from patient with Wegener's granulomatosis 
(patient 6). Arrow indicates the area of anterior segment from which 
photomicrographs were obtained. Center left, Hematoxylin-eosin 
counterstaining shows an inflammatory infiltrate (original magnifica- 
tion x 400). Center right, High-power view (original magnification 
x 400) of same area stained for neutrophil elastase. A few intact 
neutrophils are present; areas of extracellular elastase deposition are 
also present. A control serial section stained with protein A—purified 
normal sheep IgG was negative. Bottom left, Hematoxylin-eosin coun- 
terstaining shows additional inflammation in the area indicated above 
(original magnification x 400). Bottom right, Immunofluorescence for 
eosinophil granule major basic protein shows a few infiltrating eosino- 
phils and extracellular deposition of eosinophil major basic protein. 
Extracellular eosinophil granules are not identifiable on the section 
stained with hematoxylin-eosin. A control serial section stained with 
protein A—purified normal rabbit IgG was negative (original magnifica- 
tion x 400). 


cence. If no extracellular staining was pres- 
ent, a score of 0 was assigned; if scattered 
foci containing light amounts of staining 
were found, the lesion was assigned a score 
of 1+. Specimens with scattered foci con- 
taining intense staining were scored 2+, 
and a score of 3+ was assigned to speci- 
mens exhibiting intense staining for major 
basic protein or elastase throughout large 
areas of the lesion. 
RESULTS 

Nine specimens from six patients 
with orbital Wegener's granulomatosis 
were studied (Table). Seven specimens 
were obtained during orbital biopsies 
and two were enucleated eyes. One 
patient (patient 5) had undergone an 


orbital biopsy a few months prior to 
enucleation of the eye, and one patient 
(patient 3) had undergone three biop- 
sies of the involved orbit over a few 
years. All specimens exhibited necro- 
tizing granulomas and fibrinoid necro- 
sis, and giant cells were frequently 
observed. Special stains were negative 
for microorganisms. Five patients had 
the limited form of Wegener's granulo- 
matosis without renal involvement, 
and one patient (patient 1) had the 
classic form with both lung and renal 
involvement. 

Intact eosinophils and neutrophils 
were observed in all orbital specimens. 
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Fluorescence staining for extracellular 
eosinophil major basic protein and neu- 
trophil elastase (Table) ranged from 
mild to moderate (1 to 2+ for major 
basic protein and 2+ for elastase) in 
patient 5 to large amounts (3+ for 
major basic protein and 3+ for elas- 
tase) in patient 2 (Fig 1). Extracellular 
deposition of eosinophil major basic 
protein and neutrophil elastase were 
similar except in patient 4 (2 to 3+ for 
the former and 1+ for the latter). No 
staining for major basic protein or 
neutrophil elastase was noted in the 
six control orbital tissues. 

Eye tissue from patient 5 showed 
only a few eosinophils and no extracel- 
lular deposition of eosinophil major ba- 
sic protein within the corneoscleral le- 
sion. Scattered foci of extracellular 
major basic protein deposition, how- 
ever, were identified in orbital tissue 
obtained a few months earlier. Several 
extracellular deposits of neutrophil 
elastase were noted in the peripheral 
cornea and were associated with necro- 
tizing granulomas in areas of scleritis. 

Eye tissue from patient 6 had nu- 
merous eosinophils and neutrophils in 
areas of scleritis and a focal peripheral 
keratitis with a few granulocytes. Ar- 
eas of focal, granular, extracellular eo- 
sinophil major basic protein deposition 
were identified in the involved sclera 
(Fig 2). Large extracellular deposits of 
neutrophil elastase were noted in areas 
of scleritis and keratitis (Fig 2). No 
specific immunofluorescence staining 
was present in control tissues. 


COMMENT 


Although the cause of Wegener's 
granulomatosis remains elusive, an im- 
munologic hypersensitivity reaction 
has been suspected,’ and the disease 
often responds favorably to immuno- 
suppressants such as cyclophospha- 
mide.“ The histopathologic pattern of 
necrotizing granulomatous vasculitis 
with disseminated small-vessel vasculi- 
tis suggests that Wegener's granulo- 
matosis may represent an immune 
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complex—mediated hypersensitivity 
disease, although no specific antigen 
has yet been identified. Immune reac- 
tants have been seen in a few renal 
biopsy specimens from patients with 
Wegener’s granulomatosis with active 
glomerulonephritis.“ Elevated serum 
IgE levels have also been demon- 
strated, but there is no consistent as- 
sociation with eosinophilia, the extent 
of clinical involvement, or an increase 
in other serum immunoglobulin lev- 
els.” In immune complex vasculitis, 
platelets and IgE-triggered basophils 
may participate by releasing vasoac- 
tive amines, which result in increased 
vascular permeability”; complement 
components subsequently may be acti- 
vated, serving as chemotactic factors 
for neutrophils and eosinophils. 

A corneoscleral lesion is occasionally 
the first clinical feature of Wegener's 
granulomatosis. Typically, the corneal 
abnormality is a peripheral furrowlike 
ulceration; the scleral involvement 
may vary from mild scleritis to local- 
ized necrosis.” In the present study of 
two enucleated eyes with corneoscleral 
disease associated with Wegener's 
granulomatosis, the eye of patient 6 
exhibited numerous eosinophils with a 
mild to moderate degree of extracellu- 
lar deposition of eosinophil major basic 
protein, suggesting eosinophil partici- 
pation in the disease process. 

The eye of patient 5 showed only a 
few scattered eosinophils without evi- 
dence of eosinophil degranulation; the 
surrounding orbit, however, had sub- 
stantial eosinophil degranulation. Eo- 
sinophil infiltration without eosinophil 
degranulation has been recognized in 
chronic sinusitis” and may reflect the 
influence of eosinophil-activating fac- 
tors emanating from mast cells or T 
lymphocytes.” In patient 5, eosino- 
phil activity in eye tissue was evaluat- 
ed at only one point; it is possible that 
sequential studies of eye tissues would 
have revealed eosinophil infiltration 
with subsequent phases of degran- 
ulation. 

Neutrophils may induce tissue dam- 
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Early Lesions of Bilateral Diffuse Melanocytic Proliferation 


Anita M. Leys, MD; Hans G. Dierick, MD; Raf M. Sciot, MD, PhD 


è The early lesions of bilateral diffuse 
melanocytic proliferation were studied 
with fluorescein angiography in a 63- 
year-old woman. We first observed a 
small choroidal melanoma in the left eye 
and several flat melanocytic lesions in 
both eyes. Extension and growth of new 
melanocytic lesions and leakage at the 
level of the pigment epithelium were then 
noted. Subsequently, pink patches, with 
an eye-catching early hyperfluorescence, 
appeared in the posterior fundus in both 
eyes. The patient experienced progres- 
sive visual loss during the 8-month fol- 
low-up period before her death. Histo- 
pathologically, the uveal tracts were 
diffusely thickened by melanocytic pro- 
liferation. The primary systemic neo- 
plasm was an ovarian carcinoma, found 
in five of 18 patients with this unusual 
paraneoplastic syndrome. 

(Arch Ophthalmol. 1991;109:1590-1594) 


J ateral diffuse melanocytic prolif- 

eration associated with systemic 
carcinoma is rare. To our knowledge, 
only 17 patients with this unusual par- 
aneoplastic syndrome have been de- 
scribed in the literature. We describe 
the early lesions of bilateral diffuse 
melanocytic proliferation in a 63-year- 
old woman whose primary tumor was 
an ovarian carcinoma. 


REPORT OF A CASE 
Ophthalmic Clinical Findings 


A 63-year-old woman perceived light 
flashes in the temporal field of vision of the 
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left eye in November 1989. A subretinal 
tumor, suggestive of a melanoma, was de- 
tected in the nasal periphery of the left eye. 
Quantitative A-scan demonstrated low re- 
flectivity; the tumor was 8 mm in diameter 
at its widest point and the maximal eleva- 
tion was 3 mm. In addition, the outer 
periphery of both fundi had a diffuse gray- 
ish pigmentation, and several round, darkly 
pigmented choroidal nevi were noted in 
each eye (Fig 1, top). The right eye had five 
nevi and the left eye had two nevi that were 
0.5 to 1.5 dise diameters. An epiretinal 
membrane was noted on the right optic 
disc. Fluorescein angiography showed 
masking of the choroidal fluorescence on the 
level of the nevi (Fig 2, top), leakage on the 
level of the melanoma (Fig 3), and pinpoint 
hyperfluorescence on the level of the pe- 
ripheral pigmentations (Fig 4). In Decem- 
ber 1989 the patient's visual acuity was 
20/20 OU; no central scotomata were pre- 
sent and only a small peripheral visual field 
defect consistent with the melanoma was 
present in the left eye. 

When examined 11 weeks later, the pa- 
tient had a 4-week history of blurred vision 
in her right eye. Her visual acuity was 
20/25 OD and 20/20 OS. A unilateral central 
scotoma was present in the right eye. The 
subretinal tumor of the left eye had grown 
slightly, all pigmented lesions previously 
observed had doubled in surface area, and 
new melanocytic lesions were seen in all 
sectors. The right eye had a serous detach- 
ment of the macula caused by a pale sub- 
retinal mass. Fluorescein angiography dem- 
onstrated early hyperfluorescence and 
staining in the area of the newly formed 
mass in the papillomacular region in the 
right eye. 

Three weeks later, growth and pigmenta- 
tion of this mass and an increased area of 
early hyperfluorescence and staining were 
noted. The electro-oculogram results were 
normal in both eyes (light peak/dark 
through ratio, 175% in the right eye and 
200% in the left eye). The photopic electro- 
retinographic findings were also normal, 
but the scotopic responses were abnormal, 
with reduced and delayed scotopic B waves 
in both eyes. 

Examination 3 weeks later revealed that 
the melanocytic lesions had extended slight- 
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ly, and increased subretinal leakage was 
evident on both sides; moreover, a few pink 
flecks were observed at the level of the 
pigment epithelium in the right eye (Figs 1 
and 2, center). 

One month later, these pink flecks had 
enlarged and new flecks were observed in 
both eyes. The fluorescein angiogram 
showed macular serous detachments in both 
eyes, multiple pinpoint areas of leakage, 
and larger lesions with marked early hyper- 
fluorescence and late staining correspond- 
ing with the pink flecks. 

A final examination was performed in 
June 1990. Visual acuity had decreased to 
20/50 OU. The anterior segments appeared 
normal with the exception of a narrow 
anterior chamber in the temporal sector of 
the left eye. The melanocytic lesions and 
pink flecks were slightly more pronounced 
(Figs 1 and 2, bottom). 


Systemic Clinical Findings 


Systemic malignancy was suspected after 
the first eye examination. In May 1989 a 
colon polyp was excised; the biopsy speci- 
men and a new evaluation of the bowel did 
not reveal malignancy. The patient did not 
have suggestive skin lesions. A diagnosis of 
bilateral diffuse uveal melanocytic prolifer- 
ation (BDUMP) was made after the second 
eye examination, and an extensive search 
for systemic carcinoma was performed. The 
primary tumor in our patient was an ovari- 
an carcinoma; enlarged lymph nodes were 
detected in the retroperitoneal space and in 
supraclavicular and axillar localizations. A 
left-sided ovariectomy was performed in 
April 1990; the histologie diagnosis was 
clear-cell carcinoma. 

Chemotherapy with carboplatin and cy- 
clophosphamide was administered in April 
and May 1990. Subsequently, the tumoral 
adenopathies regressed. In June 1990, oral 
methylprednisolone was added to the cyto- 
statics to further slow progression of the 
eye lesions. The patient died in July 1990 
secondary to a bowel perforation and sep- 
sis. Her eyes were obtained for exam- 
ination. 


Pathologic Evaluation 


The right eye was fixed in Bouin’s solu- 
tion, the left in B5 mercury-formaldehyde 


. Melanocytic Proliferation — Leys et al 





Fig 1.—Top left (right eye) and right (left eye), Several small melanocytic lesions were observed in each 
eye in December 1989. Center, All melanocytic lesions had extended by April 1990. Note the new lesions 
in the left eye inferior to the optic disc and in the right eye superior to the macula. A few pink flecks were 
observed in the papillomacular area of the right eye. Bottom, Note the numerous pink flecks on the level of 
the retinal pigment epithelium in both eyes in June 1990. 


fixing fluid. A frontal section was per- 
formed in each eye 4 mm behind the limbus. 
A diffuse nonpigmented thickening of the 
choroid was observed bilaterally. The larg- 
est lesion in the left eye was partly pig- 
mented (Fig 5, left). After removal of the 
cloudy retina, the other nodular pigmented 
areas were easily recognized (Fig 5, right). 

On histologic examination, the uveal 
tracts were diffusely infiltrated by fusiform 
melanocytes (Fig 6, left). The infiltrates in 
both eyes reached the base of the iris. The 
degree of pigmentation of the melanocytes 
varied considerably. In some areas nodular 
aggregates of heavily pigmented melano- 
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cytes induced a bulging of the overlying 
retina (Fig 6, right). Scattered pigmented 
spindle and epithelioid cells were present in 
other areas. There was minimal evidence of 
mitotic activity. Despite the sparing of the 
choriocapillaris, the pigment epithelium 
showed signs of degeneration, which was 
marked in some areas. 


COMMENT 


Bilateral diffuse uveal melanocytic 
proliferation is a rare paraneoplastic 
syndrome associated with systemic 
carcinoma; the pathogenesis is un- 


known. Machemer' reported a bilateral 
flat malignant melanoma of the whole 
uvea in a patient with an abdominal 
tumor believed to be a primary pancre- 
atic carcinoma. The syndrome was lat- 
er reported in association with primary 
lung, ovarian, colon, gallbladder, uter- 
ine, and cervical carcinoma, and in a 
few cases the site of the primary tumor 
was unknown.*” In most patients the 
visual complaints preceded the symp- 
toms related to the primary tumor. 
Our patient also had an occult carcino- 
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Fig 2.—Top left (right eye) and right (left eye), Fluorescein angiography in December 1989 shows 
masking of the choroidal fluorescence on the level of the melanocytic lesions; the retinal pigment 
epithelium looks normal. Center, Marked pigment epithelium damage with staining is seen in the right eye 
(left) in April 1990; similar but milder damage is seen in the left eye (right). Bottom, Widespread retinal 
pigment epithelium damage is seen in both eyes, with marked early hyperfluorescence corresponding 
with the pink flecks, numerous pinpoint lesions, and leakage underneath a slightly elevated serous 


detachment. 


ma, which was detected only after an 
extensive search. The syndrome oc- 
curs more frequently in older individ- 
uals and women: 11 of 17 patients 
described to date were female, and the 
mean age was 66 years, with a range 
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from 34 to 89 years. 

The most frequent primary tumor in 
women was an ovarian carcinoma, 0C- 
curring in five of 11 women.described 
with this unusual syndrome. Lung car- 
cinoma was the most frequent primary 


Arch Ophthalmol—Vol 109, November 1991 


tumor in men, having been diagnosed 


in three of six men. Clinically, patients 
experienced severe visual loss related 
to the diffuse subretinal infiltration, to 
exudative retinal detachment, and to 
cataract. All but one patient with 
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Fig 3.—Left, Melanoma in the nasal periphery of the left eye. Right, Subretinal leakage at the level of the 
melanoma. 





Fig 4.—Left, Diffuse grayish pigmentation of the peripheral retina. Right, Pinpoint hyperfluorescence in 
the diffusely pigmented area. 


Fig 5.—Left, Partly pigmented subretinal 
mass in the nasal periphery of the left eye is 
continuous with the diffusely thickened cho- 
roid. Right, View of the choroid with several 
pigmented nodules appearing after partial re- 
moval of the retina. 
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Fig 6.—Left, Diffuse choroidal infiltrate of melanocytes, some of which are pigmented; the choriocapillaris 
is spared (hematoxylin-eosin, original magnification x 40). Right, A large cluster of heavily pigmented 
melanocytes in the choroid corresponding with one of the macroscopically visible nodules (hematoxylin- 
eosin, original magnification x 250). 


BDUMP died of complications of the 
primary tumors within months after 
the onset of visual symptoms; the one 
exception was a patient who survived 
for 8 years. Our patient died unexpect- 
edly 8 months after the first visual 
symptoms appeared; this is the shor- 
test survival reported to date, to our 
knowledge. 

Because of our patient’s short sur- 
vival, we report relatively early histo- 
pathologic findings of the paraneoplas- 
tic syndrome. Even after a short 
period the melanocytic proliferations 
were important and caused a diffuse 
thickening of the uvea. The patient 
was followed up closely after the first 
visual symptoms appeared, and fluo- 
rescein angiography was performed 
six times, first for diagnostic purposes 
and later as a guideline for evaluation 
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of the treatment. In this way we were 
able to study the early signs and evolu- 
tion of the syndrome. 

Gass et al’ identified five cardinal 
ocular signs that accompany visual loss 
in BDUMP: (1) multiple, round or oval, 
subtle red patches at the level of the 
retinal pigment epithelium in the pos- 
terior fundus; (2) a striking pattern of 
multifocal areas of early hyperfluores- 
cence corresponding to these patches; 
(3) development of multiple, slightly 
elevated, pigmented and nonpigment- 
ed uveal melanocytic tumors, as well 
as evidence of diffuse thickening of the 
uveal tract; (4) exudative retinal de- 
tachment; and (5) rapid progression of 
cataracts. Our patient first developed 
pigmented and nonpigmented uveal 
melanocytic tumors and diffuse thick- 
ening of the uveal tracts. A few 
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months later, exudative retinal detach- 
ments were noted, and numerous pink 
flecks were subsequently observed at 
the level of the pigment epithelium as 
well as multifocal areas of early hyper- 
fluorescence corresponding to these 
flecks. 

Although treatment has been inef- 
fective in nearly all patients reported 
to date, it is important to be aware of 
the existence of this paraneoplastic 
syndrome. Recognition of multiple 
uveal melanocytic tumors or other 
signs of BDUMP is suggestive of a 
visceral primary tumor. 
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13. Prause JU, Jensen OA, Eisgart F, Hansen 
U, Kieffer M. Bilateral diffuse malignant melanoma 
of the uvea associated with large cell carcinoma, 
giant cell type, of the lung. Ophthalmologica (Ba- 
sel). 1984;189:221-228, 
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Ophthalmology Boards Review Course 


November 15-20, 1991 — St. Louis 


Now, your course for written and oral exams offers unlimited mock orals 
Immediately before the board exams 


OBJECTIVES 
è Improve basic and clinical knowledge in ophthalmology 
è Assist residents and fellows to study efficiently 

© Prepare candidates to take their board examinations 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities, but from people who are relatively unknown as well."* 


Fundamentals 
Anatomy 
Biochemistry 
Physiology 
Pharmacology 


Anterior Segment 
Anterior Angle 
Glaucoma 
Lens and Trauma 


Optics and Refraction 
Ophthalmic Optics 
Refractive Errors 
Instruments 
Clinical Refraction 


Posterior Segment 
Retina and Vitreous 
Laser Surgery 
Macula 
Vascular Disease 


Neuro-ophthalmology 
Neuroanatomy 

Optic Nerve 

Visual Pathways 
Pupillomotor System 
Oculomotor System 


Name 
Address 
City/State/Zip 


Phone 


P.O. Box 2218 
Terre Haute, IN 47802 


Mail today to: 


1094 Dawn Lane, Dept 111 


Ocular Surface 
External Disease 
Cornea 
Conjunctiva and Sclera 


Pediatric Eye 
Congenital Disorders 
Genetic Disorders 
Strabismus 


Intraocular 
Inflammation 
Uveal Tract 
Ocular Tumors 


Orbit and Adnexa 
Orbit and Eyelids 
Lacrimal System 
Plastic Surgery 


Medical Problems 
Immunology 
Endocrinology 
Systemic Diseases 
Emergencies 


Ophthalmic Pathology 
Adnexa and Orbit 
External Eye 
Anterior Segment 
Posterior Segment 


METHODS 


e HOME STUDY assignments with questions and answers 
è SEMINAR with projection-slide lecture and syllabus 
© PRACTICE EXAMS with oral and written parts 


Faculty 


Fred Chu, M.D. 

St. Luke Hospital, St. Louis 
Sophia Chung, M.D. 

St. Louis University 

Victor Elner, M.D. 
University of Michigan 
Robert Feder, M.D. 
Northwestern University 
Geoffrey Gladstone, M.D. 


Wm. Beaumont Hosp., Detroit 


David Guyton, M.D. 
Johns Hopkins University 
F. Kapetansky, M.D. 
Ohio State University 
Irene Magramm, M.D. 
Comell University 

Joel Miller, M.D. 
Wayne State University 
Thomas Mizen, M.D. 
Rush Medical College 
Charles Rice, M.D. 
University of Arkansas 
Mark Shapiro, M.D. 
University of Illinois 
Thomas Stevens, M.D. 
University of Wisconsin 
Rosa Tang, M.D. 
University of Texas, Houston 
Howard Tessler, M.D. 


University of Illinois, Chicago 


Lawrence Tyson, M.D. 
St. Louis Children’s Hospital 
Jayne Weiss, M.D. 
University of Massachusetts 


Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION 








For: LJ Nov. 15-20, 1991 — St. Louis 
LI Check is enclosed for $ 


[Please send FREE SAMPLE of 
home study material 





"remarkably complete and pleasant...."* 


COURSE: The course is held the week before 
written and oral exams in the exam city. Home 
study questions will be sent before the course 
— which will include lectures and syllabus. 
Also, you may buy extra mock oral exams. 
The optional extra day — November 21 — in- 
cludes one mock oral exam and observation of 
seven or more hours of other exams. 


"Accommodations were comfortable....'* 


LOCATION: The November course will be 
at the Airport Hilton, St. Louis. Our group 
discount rates are $96 single and $106 double. 


"and those little extras....""* 


DISCOUNT AIR FARES: Please call toll- 
free (800) 548-8185 for group discount rates. 


"the most education for the money...'* 


FEES AND CATEGORY 1 HOURS: 


Physician or Resident: Phy. Res. Hrs. 
e Six day course: $720 $480 60 

repeating within 2 years: $360 $360 60 
è Extra mock orals day 

(Nov. 21): $150 $150 8 
© Mock oral exams: $ 70 $70 1⁄2 
e Private mock orals: $100 $100 1/2 


è Add 10% within 10 days of the course. 

© Attendees not in course hotel add $20/day. 

e A deposit of $50 will reserve your position. 

© Subject to a $50 fee, refunds will be made 
until the seminar begins. 

© Most home study materials will be mailed 
after half of the registration fee is received. 


"home study material was extremely helpful.’* 


= ACCREDITATION: Cornell University 


: Medical College designates this Continuing 
: Medical Education activity for up to 68 credit 
‘ hours in Category 1 of the Physician’s Rec- 
:ognition Award of the American Medical 
: Association. 


"I feel [the course] helped me pass..."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
1094 Dawn Lane, Terre Haute, IN 47802 


(800) 356-7537 or (812) 299-5658 


ee a ee 4 * Comments by past Osler participants 
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in a beta-blocker, we follow 
_ your instructions to the letter. 










Betoptic S 


Sterile Ophthalmic 
(bet taxolol HCI) Suspension, 0.25% 
For POAG and a hypertensive 
patients where treatment is indicated 


S is for Strength 
of Suspension Technology 


Strength of drug Strength of improved 
delivery comfort 


e Patented technology slows release and e Active drug is released more slowly to 
increases retention of drug in the eye the cornea, resulting in improved 


e The amount of betaxolol delivered to patient comfort 








the aqueous humor by the 0.25% sus- 
pension is equal to that delivered by the 
0.5% solution 


e Efficacy equivalent to 0.5% solution has 
been demonstrated in clinical trials 


ee polymer lon-exchange resin 
ee pol) (Amberlite) 
ae a) do 
= Sodiumion  Betaxolol ions 


tear E Y betaxolol HCI) 


ee eee Ophthal mic 


Pe ailability 
i0av: 
between the 0.25% sus 


sion 
and 0.5% Gowen. a 


*Beta-1 selectivity is not absolute. 


BETOPTIC® S Sterile Ophthalmic Suspension has produced minimal 
effects in patients with reactive airway disease; exercise caution in 
treating patients with excessive restriction of pulmonary function. 
Asthmatic attacks and pulmonary distress have been reported during 
betaxolol treatment. Although rechallenges of some such patients 
with ophthalmic betaxolol have not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in 
patients sensitive to beta-blockers cannot be ruled out. 


PLEASE SEE BRIEF SUMMARY OF PRESCRIBING INFORMATION ON THE NEXT PAGE. 


©1991 Alcon Laboratories, Inc. 


Strength of beta- 1* 
safey 


e Offers the safety advantages of a selec- 
tive ocular beta-blocker 


© Does not significantly compromise heart 
rate or pulmonary function 


e CNS side effects are rarely reported 





Contraindicated in patients with sinus bradycardia, greater than a 
first degree atrioventricular block, cardiogenic shock, overt cardiac 
failure, or hypersensitivity to any component of this product. Use 
caution in treating patients with a history of cardiac failure, heart 
block, and patients receiving adrenergic psychotropic drugs or 
catecholamine-depleting drugs such as reserpine. Observe patients 
receiving an oral beta-blocker and BETOPTIC® S suspension for pos- 
sible additive effect on known systemic effects of beta-blockade. 


® 
à ALCON LABORATORIES, INC. 
ØE E FORT WORTH. TEXAS 76134 
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BETOPTIC® S (betaxoio! HCI) 0.25% as base Sterile Ophthalmic Suspension 


DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochloride, a 
cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angle 
glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 
pressure lowering medications. 

CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 
same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 
BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 
failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at the first signs of cardiac failure. 

PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 
consistent with certain myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 
Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 
agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 
rechallenges of some such patients with ophthalmic betaxolol has not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 
orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 
effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 
observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent; therefore, 
caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: In 
patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
constriction of the pupil with a miotic agent. Betaxolol has little or no effect on the pupil. When 
BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
Impairment of Fertility: Lifetime studies with betaxolol HC! have been completed in mice at oral 
doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HCI demonstrated no 
carcinogenic effect. Higher dose levels were not tested. In a variety of in vitro and in vivo bacterial and 
mammalian cell assays, betaxolol HCI was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 
administered betaxolol HCI in rats and rabbits. There was evidence of drug related postimplantation 
loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolo! HCI was 
not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 
subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women. 
BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether betaxolol HCI is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have not been established. 

ADVERSE REACTIONS: Ocular: In clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 
foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
with other formulations of betaxolol include allergic reactions, decreased corneal sensitivity, edema 
and anisocoria. Systemic: Systemic reactions following administration of BETOPTIC S Ophthalmic = a A 
Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: IS acl ler 
Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 

characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 

failure. Central Nervous System: Insomnia, dizziness, vertigo, headaches, depression, and lethargy. can e 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 





OVERDOSAGE: No information is available on overdosage of humans. The oral LD50 of the drug 
ranged from 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be azar ous 
expected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent 
are bradycardia, hypotension and acute cardiac failure. A topical overdose of BETOPTIC S Ophthalmic 


Suspension 0.25% may be flushed from the eye(s) with warm tap water. ? 
CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 


U.S. Patent Nos. 4,252,984; 4,311,708; 4,342,783;4,911,920. 
Alcon health. 
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DWills Eye Hospital 


announces 


The Seventeenth Annual 
Ophthalmology Review Course 
March 14-18, 1992 


A comprehensive and intensive review of ophthalmology for 
Residents, Fellows and Practitioners 


Guest Faculty: 


David L. Guyton, M.D. Professor of Ophthalmology 
The Wilmer Ophthalmological Institute 
Johns Hopkins University 
“Optics and Refraction” 


Hermann D. Schubert,M.D. Associate Professor of Ophthalmology 
Columbia University 
“Anatomy and Embryology” 


Steven E. Feldon,M.D. Associate Professor of Ophthalmology and 
Neurological Surgery 
Estelle Doheny Eye Institute 
University of Southern California 
“Neuro-Ophthalmology” 


Wills Eye Hospital Faculty: 


Gary C. Brown, M.D. “Retina and Vitreous” 
Elisabeth J. Cohen, M.D. “Corneal and External Diseases” 
Ralph C. Eagle, Jr., M.D. “Ocular Pathology” 
David H. Fischer,M.D. “Uveitis” 
Joseph C. Flanagan, M.D. “Oculoplastic Review” 
Joseph I. Markoff,M.D. “Physiology” 
Marlene R. Moster,M.D. “Pharmacology and Therapeutics” 
Leonard B. Nelson, M.D. “Pediatric Ophthalmology and Strabismus” 
Jerry A. Shields, M.D. “Ocular Tumors” 
Mary A. Stefanyszyn, M.D. “Evaluation of Orbital Disorders” 
Richard P. Wilson, M.D. “Glaucoma” 


Tuition Fee: Further Information: 

$600 Practicing Physicians & Fellows Wills Eye Hospital 

$300 Residents Department of Continuing Medical Education 
(with Letter from Program Chairman) 900 Walnut Street 

Continuing Education Credits: Philadelphia, PA 19107 

42 hours (Category 1) (215) 440-3168 
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The 
Wilmer 


Ophthalmological Institute at Johns Hopkins 


Current Concepts in Ophthalmology 








—— 
DORADO, PUERTO RICO 

















An Update On Refractive Corneal Surgery 
(RK, Excimer Laser, and Epigraft), Cataracts, 
Phacoemulsification, |OLs, Lasers, Glaucoma, 

Strabismus, Uveitis, Retinal Diseases, and 

Other Recent Developments 


Special Features: 


e Hands-On Excimer Laser Wet Lab 
(Maryland - additional fee) 


e Hands-On Phacoemulsification Wet Lab 
and Small-Incision IOL Insertion 
(Maryland, Puerto Rico, and Colorado - 
additional fee) 


e Hands-On Vitrectomy Workshop for the 
Anterior Segment Surgeon (Maryland, 
Puerto Rico, and Colorado - additional 
fee) 


e Automated Visual Fields Interpretation 
and Use of Statistical Analysis 
Symposium (Maryland, Puerto Rico, and 
Colorado - included in registration fee) 


e Seminar for Spouses (Puerto Rico and 
Colorado) 






























BALTIMORE, MARYLAND 


4th Annual Meeting 
December 12 - 14, 1991 


Course Directors 
Walter J. Stark, M.D. 
Neil R. Miller, M.D. 





Special Guest Lecturers 
Jack M. Dodick, M.D. 


Ronald G. Michels Memorial Lecture 
Stephen J. Ryan, M.D. 


Wilmer Institute Faculty 
Morton F. Goldberg, M.D. 
W. Richard Green, M.D. 
David L. Guyton, M.D. 
Douglas A. Jabs, M.D. 

Allan D. Jensen, M.D. 

A. Edward Maumenee, M.D. 
Irene H. Maumenee, M.D. 
Arnall Patz, M.D. 

Harry A. Quigley, M.D. 
Other Wilmer Institute Faculty 


The Friday afternoon session will be co-sponsored 
by the MARYLAND SOCIETY OF EYE PHYSICIANS 
AND SURGEONS. 


Credit: 20 AMA Category 1 
Registration Fee: $300, $250 (those in training) 














14th Annual Meeting 
February 9 - 16, 1992 


Course Directors 
Walter J. Stark, M.D. 
David L. Guyton, M.D. 


Faculty 

Neil M. Bressler, M.D. 
Jack M. Dodick, M.D. 
John D. Gottsch, M.D. 
Julia A. Haller, M.D. 
Henry D. Jampel, M.D. 
David A. Karcher 

Alan G. Palestine, M.D. 
Harry A. Quigley, M.D. 
Others To Be Announced 


Credit: 30 AMA Category 1 


Registration Fee: $500, $350 (those in training) 











VAIL, COLORADO 


9th Annual Meeting 
March 14 - 21, 1992 


(corresponds with spring break for many schools) 


Course Directors 
Walter J. Stark, M.D. 
Harry A. Quigley, M.D. 


Faculty 

Steven T. Charles, M.D. 
H. Dunbar Hoskins, Jr., M.D. 
Douglas A. Jabs, M.D. 
Douglas D. Koch, M.D. 
Richard L. Lindstrom, M.D. 
Peter J. McDonnell, M.D. 
Richard P. Mills, M.D. 
Terrence P. O’Brien, M.D. 
Ronald E. Smith, M.D. 
Others To Be Announced 


Credit: 30 AMA Category 1 
Registration Fee: $500, $350 (those is training) 





Information: Office of Continuing Education, Johns Hopkins Medical Institutions, 
Turner 20, 720 Rutland Avenue, Baltimore, Maryland 21205-2195, (301) 955-2959 
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ENHANCED COMFORT PRESERVATIVE:SAFE 
+ New formula overwhelmingly preferred by Formulated with POLYQUAD* the only preser- 
patients over the original formula’ vative that allows corneal epithelial cell growth’ 
Feels cool and soothing in the eye’ (in vitro data) 
+ Contains no EDTA EASY-TO-USE i 
PHYSIOLOGIC FORMULA Multiple-dose convenience isà plus for noas DA 
with busy lifestyles Si 
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The clinical significance of these in vitro datais unknown; 
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iscosi Alcon emase 
+ Low viscosity 


©1991 Alcon Laboratories, Inc. 
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Potassium ion concentration comparable to 
natural tears’ 


© Preservative-free for sensitive eyes, 
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| e Unique DUASORB” system mimics natural mucin 


e Formulated for maximum comfort--low viscosity, — 
isotonic, same pH as natural tears 
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Laboratory Sciences 


Influence of Corticosteroid on Experimentally 
Induced Keratomycosis 


Denis M. O’Day, MD; Wayne A. Ray, PhD; W. Steven Head; Richard D. Robinson; Trilby E. Williams 


e To assess the effect of corticoste- 
roid on the establishment of experimen- 
tally induced keratomycoses, rabbits 
were injected subconjunctivally with tri- 
amcinolone acetonide on two successive 
days before inoculation with Candida al- 
bicans, Aspergillus fumigatus, or Fusar- 
ium solanae. Whereas isolate recovery 
rates declined steadily in normal control 
corneas, they remained stable over 15 
days in corticosteroid-treated corneas. 
Clinically, inflammation was equivalent 
(A fumigatus and F solanae) or signifi- 
cantly less (C albicans; P = .001) until the 
10th day. At 15 days, inflammation in 
corticosteroid-treated corneas was sig- 
nificantly worse in animals infected with 
A fumigatus (P=.003) or F solanae 
(P=.02). Inflammatory signs correlated 
inconsistently with isolate recovery. 
Pathogenicity of the infecting organism 
appears to be important in determining 
the degree to which corticosteroid is able 
to mask clinical signs of infection while 
enhancing fungal replication. 

(Arch Ophthalmol. 1991;109:1601-1604) 


O pportunistic fungal keratitis is diffi- 

cult to establish in experimental 
animals. Unless immunosuppressive 
agents are employed, experimentally 
induced Candida species keratitis has 
an active course limited to less than 2 
weeks.'* Other opportunistic filamen- 
tous fungi usually fail to cause infection 





Accepted for publication July 22, 1991. 

From the Departments of Ophthalmology (Drs 
O'Day and Ray and Messrs Head, Robinson, and 
Williams) and Preventive Medicine (Dr Ray), 
Vanderbilt University School of Medicine, Nash- 
ville, Tenn. 

Reprint requests to the Department of Ophthal- 
mology, D-5217, Vanderbilt University Medical 
Center, Nashville, TN 37232-2540 (Dr O’Day). 


Arch Ophthalmol—Vol 109, November 1991 


or resolve steadily within a few days of 
inoculation. Previously described mod- 
els™ of fungal keratitis have used corti- 
costeroid administration to provide a 
course of sufficient duration for thera- 
peutic studies. 

The use of corticosteroid radically 
alters the host response.’ However, to 
our knowledge, the effect this agent 
may have on the characteristics of the 
infection, including isolate recovery 
rates and the clinical signs of the in- 
flammatory response, has not been 
studied. The experiments described 
below were designed to investigate the 
influence of subconjunctival corticoste- 
roid administered before inoculation on 
the establishment and subsequent 
course of experimentally induced kera- 
tomycosis caused by Candida albi- 
cans, Aspergillus fumigatus, and Fu- 
sarium solanae. 


MATERIALS AND METHODS 


Dutch-belted rabbits weighing 1.5 to 
2.0 kg were used in these experiments’ in 
accordance with the Association for Re- 
search in Vision and Ophthalmology Reso- 
lution on Humane Treatment of Experi- 
mental Animals. Three models of infection 
were studied: the first caused by C albi- 
cans; the second, by A fumigatus; and the 
third, by F solanae. 


C albicans 


A human isolate. (VE102) stored on Sa- 
bouraud dextrose agar at —70°C was used 
in these studies. Cultures were thawed and 
plated on fresh Sabouraud dextrose agar 
and grown at 35°C. After incubation for 18 
hours, a suspension was made in normal 
saline and adjusted so that a 1:10 dilution 
produced a 25% transmission (T) on a spec- 
trophotometer at 550 nm. Twenty-five mi- 
croliters of this inoculum contained 5 x 10° 
colony-forming units (CFUs). 


Corticosteroid and Keratomycosis— O'Day etal = 


A fumigatus 


A human isolate (VE148) was maintained 
on Sabouraud dextrose agar slants at room 
temperature. Five days before the experi- 
ment, a fresh culture was prepared on 
Sabouraud dextrose agar. Spores were har- 
vested, suspended in normal saline, and 
adjusted on a spectrophotometer to 95% T 
at 550 nm to yield a concentration of 
1.25 x 10' CFUs/25uL. 


F solanae 


A human isolate (VE171) was maintained 
on Sabouraud dextrose agar slants without 
subculture at room temperature. Five days 
before the experiment, a fresh culture was 
inoculated on Sabouraud dextrose agar and 
incubated for 5 days in a diurnal incubator 
at 25°C. Spores and hyphal fragments were 
harvested and then ground in normal saline 
with a tissue homogenizer. The suspension 
was then adjusted to 80% T at 550 nm on a 
spectrophotometer to yield a concentration 
of 2.15 x 10’ CFUs per 25 uL. 


Corticosteroid Administration 


For each experiment, the animals were 
randomly separated into six groups of six 
rabbits each. Three groups of rabbits were 
anesthetized with intramuscular xylazine 
hydrochloride and ketamine hydrochloride; 
corneal anesthetization was achieved with 
0.5% proparacaine hydrochloride. Each ani- 
mal received a subconjunctival injection of 
300 uL (12 mg) of triamcinolone acetonide 
(Kenalog) on 2 successive days. Three 
groups served as untreated controls. 


Inoculation Technique 


On the day of the second steroid injec- 
tion, all rabbits were anestheti the 
same fashion. Using a 30-g ene dle 
100-.L gas-tight syringe” (Hamilton Go; 
Reno, Nev), the right corneas were injected, 
in the central midstroma with 25 pL of \C , \ 
albicans, A fumigatus, or F solanae sus- 
pension.’ Rabbits that had already received 
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triamcinolone acetonide were injected a sec- 
ond time with 300 uL (12 mg) of triameino- 
lone. Before inoculation, both steroid-treat- 
ed and control rabbits were assigned to 
groups for killing 5, 10, or 15 days later. 


Experimental Repetition 


The experiment was performed in dupli- 
cate for C albicans, in triplicate for A 
fumigatus, and once for F solanae. During 
these studies, corneal perforation occurred 
in three animals, necessitating their imme- 
diate removal from the study. 


Clinical Evaluation 


Five days after inoculation, one observer, 
masked to the treatment group of the indi- 
vidual animals, evaluated all corneas using 
slit-lamp biomicroscopy and assigned a clin- 
ical score based on the following criteria 
that were developed for assessing clinical 
features in experimentally induced kerato- 
mycosis’: 1, minimal infiltrate and edema at 
the inoculation site; 2, filamentous projec- 
tions extending from less than one half of 
the lesion perimeter; 3, filamentous projec- 
tions extending from more than one-half of 
the lesion perimeter; 4, width of the entire 
lesion greater than one half the corneal 
diameter; and 5, width of the entire lesion 
greater than one half corneal diameter and 
hypopyon present. 

After this examination, a prespecified 
group of corticosteroid-treated and control 
rabbits were killed. The infected corneas 
were removed, and the number of viable 
organisms present was determined using 
standard microbiologic methods.” On days 
10 and 15, the same procedure was followed 
for the additional prespecified groups. 


STATISTICAL ANALYSIS 


Because the effect of treatment was mod- 
eled to be proportional to the untreated 
level of disease, each CFU was expressed 
as a logarithm to the base 2 (log, CF Us). 
The effect of corticosteroid treatment on 
the number of organisms recovered was 
estimated by subtracting the mean of the 
log, CFUs of the treated animals from the 
log, CFUs of the control animals, yielding a 
difference called A. A A of 0 implied no 
response to treatment. An estimate of the 
standard error of A was calculated using 
single-measure analysis of variance tech- 
niques.'”"' The clinical score data were ana- 
lyzed using Wilcoxon's Rank-Sum Test with 
analysis of variance for nonparametric 
data.” 


RESULTS 
C albicans Keratitis 


In control rabbits, the number of 
organisms recovered from the infected 
corneas rapidly declined over 15 days. 
In contrast, isolate recovery rates in 
corticosteroid-treated rabbits were 
stable over the same period. At each 
sampling time, the isolate recovery 
rate in the treated group was signifi- 
cantly greater than in the control 
group (Table). Clinical signs of infec- 
tion in control animals worsened signif- 
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icantly by the 10th day (P<.05), and 
declined significantly by the 15th day. 
Clinical scores were significantly lower 
in corticosteroid-treated rabbits than 
in the control rabbits on days 5 and 10, 
although the isolate recovery rate of 
eyes of corticosteroid-treated rabbits 
was significantly higher on both days. 
By day 15, average clinical scores rose 
significantly and became equivalent to 
that of the control eyes. 


A fumigatus Keratitis 


In both corticosteroid-treated and 
control eyes infected with A fumiga- 
tus, isolate recovery rates were lower 
than in corneas infected with C albi- 
cans (Table). Control eyes infected 
with A fumigatus showed a significant 
decline in isolate recovery over 15 days 
in contrast to corticosteroid-treated 
eyes, which showed only a slight de- 
cline over the same period. Isolate 
recovery rates from corticosteroid- 
treated animals were significantly 
higher than those of untreated control 
animals on days 10 and 15. 

Clinically, the scoring of the inflam- 
mation in control eyes did not change 
significantly over the 15 days of obser- 
vation, despite the decline in isolate 
recovery. In corticosteroid-treated 
eyes, there was a gradual increase in 
the apparent inflammatory response so 
that by the 15th day the corneas ap- 
peared significantly more inflamed 
than on day 5 (P<.05). By the 15th 
day, these corneas also had significant- 
ly higher clinical scores than did cor- 
neas in the control rabbits. 


F solanae Keratitis 


Isolate recovery rates were lowest 
in control eyes in which keratitis was 
experimentally induced with F solanae 
. By the 10th day, only 12 CF Us were 
recovered, and by the 15th day, the 
mean recovery rate was less than 1 
CFU. In contrast, corticosteroid-treat- 
ed corneas were readily infected, and 
the CFUs recovered remained rela- 
tively constant through the 15th day of 
observation. 

The clinical scores in the two groups 
of animals were equivalent until the 
15th day, when a small but statistically 
significant worsening in severity was 
noted in the corticosteroid-treated 
animals. 


Correlating Clinical Scores 
With Isolate Recovery Rates 


Clinical scores when animals were 
killed and isolate recovery rates gener- 
ally correlated poorly for all three in- 
fecting organisms. Although a signifi- 
cant correlation was noted for control 
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animals infected with F  solanae 
(P=.009) and A fumigatus (P = .004), 
the severity of clinical disease as mea- 
sured with our clinical scoring system 
varied widely at each level of isolate 
recovery (Figure). 


COMMENT 


Corticosteroid administration using 
the subconjunctival route before and 
during inoculation significantly altered 
the natural history of fungal keratitis 
caused by C albicans, A fumigatus, 
and F solanae in Dutch-belted rabbits. 
The significant enhancement of C albi- 
cans replication noted during 15 days 
of observation was consistent with our 
previous observations on the effect of 
topical corticosteroid administration on 
experimentally induced keratomyco- 
sis." Modification of the host defense 
with corticosteroid is undoubtedly re- 
sponsible for this effect and the re- 
duced clinical response that occurred 
concomitantly.” 

The response to corticosteroid ad- 
ministration in the model of Aspergil- 
lus and Fusarium infection was 
somewhat different. Corticosteroid ad- 
ministration was initially able to par- 
tially suppress the clinical response in 
both infections, as evidenced by the 
equivalent clinical scores in corticoste- 
roid-treated and control eyes despite 
significantly higher organism counts in 
corticosteroid-treated animals. How- 
ever, in contrast to C albicans infec- 
tion, the severity of the inflammatory 
response to both A fumigatus and 
F solanae was such that it could not be 
suppressed by the subconjunctivally 
administered corticosteroid, particu- 
larly toward the end of the 15-day 
period. We speculate that the differ- 
ences observed among these three 
models of infection in response to corti- 
costeroid administration is in part re- 
lated to differences in the pathogenici- 
ty of the organisms. 

Research into corneal disease caused 
by fungi has been hampered by an 
inability to produce infections that per- 
sist for periods necessary to investi- 
gate antifungal agents and develop 
treatment strategies. The use of im- 
munosuppressive techniques, such as 
corticosteroid administration, appears 
inevitable for development of these 
models of infection. However, these 
manipulations modify the host re- 
sponse and enhance fungal replication. 
They also alter the clinical features 
that are used in nonparametric clinical 
scoring systems. Both effects must be 
taken into account when determining 
measures to evaluate a therapeutic re- 
sponse. The lack of a consistent corre- 
lation between clinical scores and iso- 
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Experimentally-Induced Keratitis in Dutch-Belted Rabbits * 
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Study Control Steroid-Treated Control Steroid-Treated 
Day Rabbits Rabbits P Rabbits Rabbits 
Candida albicans 
5 18.84 + 0.16 (n = 12) 19.50 + 0.17 (n = 12) .02 2.67 + 0.11 (n = 12) 1.75 + 0.11 (n = 12) r 
10 17.49 + 0.36 (n = 12) 19.55 + 0.20 (n = 11) .0001 4.67 + 0.21 (n = 12) 2.10 + 0.33 (n = 11) .0001 
15 11.93 + 0.88 (n = 11) 19.00 + 0.38 (n = 12) .0001 3.65 + 0.21 (n = 11) 3.92 + 0.37 (n = 12) NS 
Aspergillus fumigatus 
5 11.00 + 0.86 (n = 18) 12.29 + 0.47 (n = 18) NS 3.06 + 0.24 (n = 18) 3.11 + 0.29 (n = 18) NS 
10 9.34 + 0.55 (n = 18) 11.82 + 0.35 (n = 18) .0008 3.62 + 0.36 (n = 18) 4.17 + 0.32 (n = 18) NS 
15 5.83 + 0.50 (n = 18) 10.00 + 0.73 (n = 17) .0001 3.06 + 0.44 (n = 18) 4.64 + 0.26 (n = 17) d 
Fusarium solanae 
5 7.75 + 0.86 (n = 6) 11.87 + 0.36 (n = 6) .0013 2.50 + 0.34 (n = 6) 2.50 + 0.22 (n = 6) NS 
3.59 + 1.05 (n = 6) 11.32 + 2.31 (n = 6) .0109 2.50 + 0.81 (n = 6) 2.50 + 0.62 (n = 6) NS 
0.19 + 0.12 (n = 6) 12.85 + 1.19 (n = 6) -0001 1.50 + 0.22 (n = 6) 3.50 + 0.72 (n = 6) k 








* Values are means + SEs. NS indicates not significant. 


late recovery rates noted with all three 
infecting fungi and the wide range of 
isolate recovery rates for each clinical 
grade in both corticosteroid-treated 
and control animals suggest that evalu- 
ation of clinical features alone is unlike- 


ly to be a reliable measure of infection. 

The effect of corticosteroid on fungal 
infections in these models has impor- 
tant clinical implications. Candida al- 
bicans, A fumigatus, and F solanae 
are important pathogens in corneal dis- 
ease.” Candidal infection tends to oc- 
cur in corneas with altered local de- 
fense mechanisms (ie, transplanted 
corneas, corneas of persons with sys- 
temic disease, and corneas of persons 
with dry eyes). Systemically immu- 
noincompetent patients are also sus- 
ceptible to these infections. Aspergil- 
lus species and Fusarium species in- 
fections, while more likely to occur in 
injured corneas, may also develop in 
circumstances associated with Candi- 
da infection. 

This study strongly suggests a piv- 
otal role for corticosteroid in both es- 
tablishing and enhancing fungal infec- 
tions. This effect on colony counts was 
evident for at least 10 days, and during 
the next 5 days, counts declined only 
slightly. In previous studies,” we con- 
firmed the fungal growth-enhancing 
effect of topical prednisolone acetate 
on C albicans keratitis, and the ad- 
verse effect of concomitantly adminis- 
tered topical steroids on the efficacy of 
most antifungal agents. Thus, al- 
though control of the inflammatory re- 
sponse may be a therapeutic goal, in- 
troduction of corticosteroid for this 
purpose appears hazardous. However, 
we emphasize that neither this study 
nor previous studies have addressed 
the use of corticosteroids later in the 
disease when fungal replication pre- 
sumably has been controlled. Howev- 
er, the evidence suggests that only in 
the presence of a highly efficacious 
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antifungal agent is the deleterious ef- 
fect of corticosteroid likely to be 
overcome.” 

In patients with fungal keratitis who 
receive topical corticosteroid, discon- 
tinuation of the agent poses a difficult 
clinical problem because abrupt cessa- 
tion of corticosteroid is likely to lead to 
an acute rebound inflammation. In pa- 
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tients receiving systemic corticoste- 
roid and in whom discontinuation of 
the corticosteroid is not feasible, eradi- 
cation of the infection is likely to be 
difficult and prolonged. Control of the 
harmful effects of the inflammatory 
response nonetheless remains a thera- 
peutic goal. To achieve this goal, effec- 
tive anti-inflammatory agents that do 
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Holmium-YAG Laser Surgery on Experimental 


Vitreous Membranes 


Sidhiporn Borirakchanyavat, MD; Carmen A. Puliafito, MD; Gilbert H. Kliman, MD; Thomas I. Margolis, MD; Ezra L. Galler, MD 


è We used a pulsed holmium-YAG 
laser that emitted in the midinfrared 
(2.12 um) to cut experimental vitreous 
membranes in rabbits via an intraocular 
fiberoptic delivery system. Thirty-five 
membranes were treated at distances of 
0.5 to 3.8 mm from the retina. All of the 
membranes that were treated were tran- 
sected or partially cut. In cases that were 
treated with the optical fiber encased in a 
retinal-shielding pick, membranes could 
be readily transected without retinal inju- 
ry. Laser vitreous membrane cutting may 
offer the advantage of near-tractionless 
membrane segmentation. The combina- 
tion of a moderately strong target tissue 
absorption and the ready availability of 
commercial optical fibers for transmis- 
sion of 2.12-.m laser energy suggests 
that the holmium-YAG laser merits fur- 
ther investigation for this application. 

(Arch Ophthalmol. 1991 ;109:1605-1609) 


Cutting of dense vitreous mem- 

branes adjacent to the retinal sur- 
face remains difficult; potential surgi- 
cal complications include retinal 
injuries and tears secondary to me- 
chanical traction on the retina. ™? Laser 
vitreous membrane cutting offers the 
possibility of near-tractionless segmen- 
tation of membranes. Previous studies 
that utilized midinfrared lasers to cut 
vitreous membranes have been limited 
by the lack of a practical delivery 
system for intraocular transmission of 
laser energy.” We investigated the 
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use of a holmium-YAG laser that emit- 
ted at 2.12 um to cut experimental 
vitreous membranes. 

The 2.12-4m radiation corresponds 
to an absorption peak of water (a =23 
cm ')," resulting in a relatively short 
tissue absorption length of 430 jm 
(a '). Calculations based on the find- 
ings of Wolbarsht” indicate that the 
250-microsecond pulsewidth of the hol- 
mium-YAG laser is less than 1/1000 of 
the tissue thermal relaxation time at 
2.12 um. Theoretically, greater than 
99% of the energy delivered during the 
pulse would be confined to heating the 
tissue absorption volume, thus mini- 
mizing thermal damage to structures 
adjacent to the ablation zone. More- 
over, 2.12-um laser radiation can be 
readily transmitted through practical 
lengths of flexible, commercially avail- 
able low hydroxyl-fused silica optical 
fiber with negligible power attenua- 
tion, a necessary requirement for prac- 
tical use in vitreous surgery. ''” 

Previous studies of the holmium- 
YAG laser have investigated it for use 
in laser endoscopy or have described 
its effects on various tissues." No 
work to date has examined its useful- 
ness for vitreous membrane cutting. In 
this study, we evaluated the efficacy of 
a holmium-YAG laser in cutting vitre- 
ous membrane in the rabbit. Laser 
energy was delivered through a low 
hydroxyl-fused silica optical fiber. We 
used two simple cutting tips that con- 
sisted of a bare optical fiber and the 
optical fiber inserted in a retinal- 
shielding pick (Fig 1). 


MATERIALS AND METHODS 
Experimental Membranes 


Experimental vitreous membranes were 
created in 11 (22 eyes) pigmented Dutch 
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belted rabbits (weight range, 1.5 to 3.0 kg). 
The rabbits were housed, cared for, and 
handled according to the provisions of the 
Association for Research in Vision and Oph- 
thalmology resolution with regard to the 
use of animals in research. The rabbits 
were anesthetized by an intramuscular 
injection of ketamine hydrochloride 
(25 mg/kg), xylazine hydrochloride 
(1.4 mg/kg), and acepromazine maleate 
(0.36 mg/kg), with 0.5 mL of 2% lidocaine 
hydrochloride given for retrobulbar anes- 
thesia. Proparacaine hydrochloride (0.5%) 
was applied for topical anesthesia, and tro- 
picamide (0.8%) and phenylephrine hydro- 
chloride (5.0%) were applied for mydriasis. 
Membranes were created by placement of 
silk sutures in the vitreous cavity via a 
double-perforating injury.*"*" After the 
globe was proptosed, three to four sutures 
(No. 4-0 silk) were passed into the vitreous 
cavity with the use of a straight sewing 
needle. The retina was nicked several times 
to expose sites for cellular attachment. Su- 
ture ends were cut flush with the globe. 
Postoperatively, 10 mg of subconjunctival 
gentamicin sulfate solution was injected, 
followed by daily application of topical gen- 
tamicin sulfate and atropine sulfate (for 7 
days). Membranes formed in 4 to 6 weeks. 
All animals were regularly evaluated to 
assure retention of normal visual function. 
The average time to laser treatment was 4 
months. 


Laser Treatments 


A pulsed (250 microseconds) holmium- 
YAG laser (Coherent Medical Group [Palo 
Alto, Calif] prototype) was used in these 
experiments. Laser energy was emitted at 
the wavelength of 2.12 um and was mea- 
sured by a joulemeter (Scientech 365, Boul- 
der, Colo). The beam was focused into a low 
hydroxyl-fused silica optical fiber (Polymi- 
cro Technologies, Phoenix, Ariz; 200-um 
core diameter; length, 1 to 2.5 m). 

Distances of membranes from the retinal 
surface were measured with a surgical mi- 
croscope (Wild M650, Ernst Leitz Inc, 
Rockleigh, NJ) that was coupled to a dial 
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micrometer (Starrett, Athol, Mass). With 
the use of high magnification (400) to 
obtain a shallow focal plane, the surgeon 
focused first on the membrane while con- 
trolling for accommodation and then on the 
retina while an assistant noted the displace- 
ment on the dial micrometer. 

Before laser treatment, rabbits were 
anesthetized, and their pupils were dilated 
as previously described. The rabbit was 
first positioned under the surgical micro- 
scope. After performing a 90° peritomy, a 
sclerostomy was made 2 mm posterior to 
the limbus with a 20-gauge MVR blade 
(Alcon Laboratories, Inc, Fort Worth, 
Tex). A flat surface fundus lens (OGFA, 
Ocular Instruments Inc, Bellevue, Mass) 
was placed on the cornea. The optical fiber 
probe was then passed into the vitreous 
cavity and placed close to the surface of the 
membrane (<50 um). The optical fiber was 
flat tipped so that all the energy was deliv- 
ered directly in front of the fiber. Mem- 
branes were cut by moving the optical fiber 
along the membranes and applying multiple 
pulses at various energies and repetition 
rates. To facilitate postoperative evaluation 
of cutting and complications, surgical proce- 
dures were recorded on videotape with the 
use of a video camera (Medicam S-4, MP 
Video, Natick, Mass) that was interfaced 
with a videocassette recorder (VO-5800, 
Sony, Tokyo, Japan) and a color monitor 
(Sony Triniton, CVM-1900). 


Retinal Damage Threshold 


The minimum energy needed to produce 
a retinal lesion was determined for dis- 
tances of 1.0, 1.5, and 2.0 mm from the 
retina. Three rabbits (six eyes) with normal 
fundi were used in these experiments. 
Stents (Fig 2) with predetermined gaps 
(1.0, 1.5, and 2.0 mm) between the fiberop- 
tic tip and the contact surface were con- 
structed. The rabbits were anesthetized, 
and the stent was inserted in the vitreous 
cavity as previously described. The surgeon 
then placed both legs of the stent in light 
contact with the retina and delivered pulses 
at different energies until faint nonhemor- 
rhagic lesions were consistently produced. 
Estimates of lesion sizes were made intrao- 
peratively by comparing the lesions to the 
diameter of the optical fiber. Postoperative 
fundus photography documented the retinal 
lesions. 


Fundus Photography and 
Fluorescein Angiography 


Preoperative fundus photographs and flu- 
orescein angiography were taken 1 to 7 
days before surgery with a wide-angle fun- 
dus camera (Canon CF-60ZA, Lake Suc- 
cess, NY). As healed retinal scars and 
intraoperative laser-induced retinal injury 
have a similar angiographic appearance, 
preoperative and postoperative fluorescein 
angiography was performed to permit dif- 
ferentiation of the two and detection of new 
intraoperative laser-induced retinal injury. 
The rabbits’ marginal ear veins were inject- 
ed with 0.15 mL of 10% sodium fluorescein. 
Photography was completed within 15 min- 
utes of injection. Postoperative fundus pho- 
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Fig 1.—At top, Optial fiber inserted in a blunted 27-gauge needle. At bottom, Optical fiber 
inserted in a retinal-shielding pick, constructed from a 25-gauge needle. 


tographs were repeated to document tissue 
cutting and any retinal damage. 


Histologic Findings 


Animals were killed by intravenous injec- 
tion of 0.5-mL euthanasia solution (embu- 
tramide, 200 mg/mL; mebezonium iodide, 
50 mg/mL; and tetracaine hydrochloride, 
5 mg/mL; Hoechst-Roussel Pharmaceuti- 
cals Inc, Somerville, NJ) after which the 
eyes were immediately enucleated and 
fixed in Karnovsky’s solution (2% parafor- 
maldehyde and 2.5% glutaraldehyde in 
0.10-mol/L sodium cacodylate buffer). Light 
microscopy was done on cut membranes 
(three eyes) and retinal lesions (three eyes) 
that had been carefully dissected and em- 
bedded in a water soluble plastic resin (J B- 
4, Polysciences Inc, Warrington, Pa). Sec- 
tions were examined under a photo- 
microscope (Olympus, Tokyo, Japan). 


RESULTS 


A total of 35 membranes were treat- 
ed. In each case, the membrane was 
transected or partially cut. Mem- 
branes were treated at distances that 
ranged from 0.5 to 3.8 mm from the 
retina. The threshold energy for clini- 
cally evident membrane ablation (ie, 
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Fig 2.— Optical fiber inserted in a stent, constructed from a 27-gauge needle. 





ablation noticeable to the surgeon after 
10 pulses) was 30 mJ per pulse 
(fluence, 95 J/cm’). Energies utilized 
for membrane cutting ranged between 
40 to 95 mJ per pulse (fluence, 130 to 
300 J/cm’). Repetition rates varied be- 
tween 1 to 5 Hz; however, most cut- 
tings were performed at 1 to 2 Hz. The 
total number of pulses required de- 
pended on the membrane density, ten- 
sion, and the pulse energy utilized. 

Twenty-four membranes were cut 
with the use of the bare optical fiber 
probe. Twelve membranes were tran- 
sected, and the remaining 12 were 
partially cut. Thin membranes were 
more easily cut than dense mem- 
branes. Retinal injury occurred in 14 
cases; lesions consisted of small nonhe- 
morrhagic retinal burns in 12 cases and 
small retinal hemorrhages in the re- 
maining two cases. 

Eleven membranes were cut with 
the optical fiber inserted in a retinal- 
shielding pick. Eight membranes were 
transected, and the remaining three 
were partially cut. Laser-induced reti- 
nal injury that consisted of a nonhe- 
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Fig 3.—Top left, Preoperative fundus view. A dense, white fibrous 
membrane (open arrow) bridges two sutures (solid white arrow) ap- 
proximately 1600 um from the retinal surface. Top right, Postoperative 
fundus view. The membrane was cut with 210 pulses at e nergies of 66 
mJ per pulse (fluence, 210 J/cm). Membrane debris is evident as 
clouding of the vitreous humor (arrow). Bottom, Postoperative fluores- 
cein angiogram. Hyperfluorescent area (arrow) corresponds to a la- 
ser-induced nonhemorrhagic retinal burn. 








Fig 4.—Left, Preoperative fundus view. A thin linear membrane approximately 1900 um from the retinal surface extends 
from a suture and exerts traction on the medullary ray, causing it to buckle. Right, Postoperative fundus view. The 
membrane was cut with 104 pulses at energies of 95 mJ per pulse (fluence, 300 J/cm’), resulting in relief of traction on the 
medullary ray. No retinal damage was observed that was confirmed by a negative postoperative angiogram. 


morrhagic retinal burn occurred in one 
case. The other two cases of retinal 
injury were caused by the pick touch- 
ing the retina, creating a small hemor- 
rhage in one case. 


Surgical complications consisted of 


small hemorrhagic and nonhemorrha- 
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gic retinal burns, membrane debris 
(Fig 3, top right ), bubble formation, 
and membrane contraction. 
Fluorescein angiograms were ob- 
tained in all cases. The nonhemorrha- 
gic retinal burns appeared as focal 
areas of hyperfluorescence (Fig 3, bot- 
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tom), while the areas of retinal hemor- 
rhage appeared to be hypofluorescent 
due to fluorescein blockage by blood. 
Retinal damage thresholds were de- 
termined with the optical fiber tip at 
1.0, 1.5, and 2.0 mm from the retina. 
Retinal lesions were produced at ener- 
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gies of 25, 65, and 110 mJ per pulse for 
distances 1.0, 1.5, and 2.0 mm, respec- 
tively. All lesions produced were less 
than two optical fiber diameters 
(800 um) in width. 


Histopathology 


Figure 5 shows a representative 
light micrograph of a transected fi- 
brous membrane. This membrane was 
cut with a pulse energy of 60 mJ 
(fluence, 190 J/em’) at a distance of 
1500 pm from the retina. Staining with 
methylene blue and azure II revealed a 
thermal zone of damage of 150 to 450 
um in the unablated tissue adjacent to 
the cut surface. Figure 6 shows a 
typical nonhemorrhagic retinal lesion 
in which the retina and choroid have 
been disrupted throughout a 680-j.m 
zone with no damage to the sclera. 


COMMENT 


In theory, the use of lasers for vitre- 
ous membrane cutting may offer the 
advantage of tractionless membrane 
segmentation. When selecting lasers 
for this application, three major crite- 
ria must be considered. First, the laser 
energy should be strongly absorbed by 
the target tissue. Second, the laser 
should emit with a pulse duration that 
is short relative to the tissue thermal 
relaxation time at that wavelength. 
These two factors, combined, will the- 
oretically permit precise and efficient 
membrane ablation with minimal dam- 
age to contiguous tissues. Lastly, 
transmissibility through commercial 
optical fibers is desirable as a practical 
means of delivering the laser energy to 
intraocular sites. 

There are two major tissue targets 
in vitreous membranes: (1) proteins, 
mainly collagen, and (2) water. Colla- 
gen strongly absorbs in the far UV 
region, beginning near 240 nm.” Wa- 
ter, on the other hand, begins to ab- 
sorb strongly in the midinfrared re- 
gion.” 

Ultraviolet lasers, however, are not 
very practical for vitreous membrane 
cutting. Ultraviolet laser wavelengths 
that can precisely ablate vitreous 
membranes, namely, 193 nm (argon 
flouride) and 248 nm (krypton fluo- 
ride), are difficult to transmit through 
optical fibers. Other UV laser wave- 
lengths that are transmissible through 
optical fibers offer less precise mem- 
brane ablation and possess several po- 
tential hazards. Pellin et al” used a 
xenon chloride (308 nm) excimer laser 
delivered through quartz optical fibers 
to cut vitreous membranes in rabbits. 
However, 308-nm laser radiation is 
cataractogenic.~ Xenon fluoride (351 
nm) is weakly absorbed by proteins” 
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protein coagulation that extends 150 to 450 um from the cut edge. Bar= 100 um (methylene 
blue and azure Il, x 100). 





Fig 6.—Histologic view of a nonhemorrhagic retinal burn created with the holmium-YAG laser 


2.0 mm from the retinal surface with a pulse energy of 120 mJ. The retina was disrupted 
throughout a 680-\.m zone, with the burn extending through Bruch’s membrane into the choroid. 
The sclera appears to be unchanged. Bar = 100 um (methylene blue and azure Il, x 220). 


and, therefore, will not cut membranes 
well. Moreover, consideration must be 
given to the theoretical hazard of pho- 
tochemical injury to ocular structures 
by UV laser radiation. This may limit 
their use in ocular surgery. ”” 

With the use of water as the tissue 
target, infrared lasers may be effica- 
cious in cutting vitreous membranes. 
Three potentially useful infrared lasers 
are carbon dioxide (CO,) (10.6 jm), 
erbium-YAG (2.94 um), and holmium- 
YAG (2.12 um) lasers. 

The CO, laser is a continuous wave 
laser that emits at 10.6 pm in the 
midinfrared region. This wavelength is 
strongly absorbed by the tissue target 
and has an absorption length in water 
of approximately 10 pm.” Many inves- 
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tigators’’ have attempted to cut ex- 
perimental vitreous membranes with 
the CO, laser. Histology of the cut 
membranes reveals a thermal zone of 
damage that extends approximately 50 
to 150 um from the cut surface. When 
operating within 2 mm of the retina, 
Meyers et al’ consistently produced 
retinal lesions of 2 mm in diameter. 
The CO, laser, however, utilizes a 
cumbersome delivery system that con- 
sists of either an articulated arm or 
investigational polycrystalline fibers 
that are encased in stainless steel 
tubes. 

Margolis et al used an erbium-YAG 
laser that emitted 2.94 um to cut ex- 
perimental vitreous membranes. The 
2.9-um wavelength corresponds to the 
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major absorption peak of water, re- 
sulting in a very short tissue absorp- 
tion length at this wavelength (1 um). 
Membranes were cut with the use of 
very low-pulse energies (3 to 5 mJ per 
pulse), resulting in a narrow zone of 
thermal damage that extended 15 to 
60 um from the cut edge of the mem- 
brane. However, existing low hydrox- 
yl-fused silica optical fibers strongly 
absorbed 2.9-4m radiation. The high 
attenuation necessitated the use of 
very short lengths of optical fibers 
(<50 em) and required large input 
energies. While zirconium fluoride fi- 
bers had lower attenuation at 2.9 pm 
(12 dB/km),” they were brittle and 
water soluble, and energy output could 
not be maintained in a wet surgical 
field. A reliable delivery system for 
2.9-um laser energy has yet to be 
demonstrated. 

Similar to the erbium-YAG laser, 
previously studied in our laboratory,“ 
the holmium-YAG laser is a solid-state 
pulsed laser that emits in the midin- 
frared region. The 2.12-m radiation 
corresponds to an absorption peak of 
water (a =23 cm '), resulting in a rela- 
tively short tissue absorption length of 
430 um. Moreover, 2.12-um holmium- 
YAG laser energy is readily transmis- 
sible through commercial low hydrox- 
yl-fused silica optical fibers with 
negligible attenuation. This permitted 
the use of clinically practical lengths of 
optical fiber and a pulsewidth that was 
very short when compared with the 
tissue thermal relaxation time at this 
wavelength. 

A total of 35 membranes were treat- 
ed. All membranes were transected or 
partially cut. In cases treated with the 
bare optical fiber, only thin mem- 
branes were consistently transected. 
Dense membranes usually were par- 
tially cut. The threshold for clinically 
evident ablation was 30 mJ per pulse 
(fluence, 95 J/cm’). However, to 
achieve clinically efficient cutting with 
the use of repetition rates of 1 or 2 Hz, 
a pulse energy of 60 mJ (fluence, 
190 J/cm’) or higher was required. 
These parameters corresponded to the 
retinal damage threshold at a distance 
of 1.5 mm from the retina, effectively 
limiting membranes that could be cut 
without retinal injury to those that 
were greater than 1.5 mm from the 
retinal surface. However, the great 
majority of laser-induced retinal le- 
sions consisted of small nonhemorrha- 
gic burns that would not preclude the 
use of the laser at extramacular loca- 
tions. Lowering the laser energy to 
40 mJ per pulse (fluence, 130 J/cm’) 
permitted membranes to be cut closer 
to the retinal surface, but cutting was 
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slow and inconsistent. 

In an attempt to shield the retina, 
we experimented with enclosing the 
optical fiber in a retinal-shielding pick 
(Fig 1). The retinal-shielding pick 
greatly decreased the incidence of la- 
ser-induced retinal injury. Membranes 
were successfully transected as close 
as 0.5 mm from the retinal surface 
without angiographic evidence of reti- 
nal injury. Higher pulse energies could 
be employed to cut membranes with- 
out danger of injuring the underlying 
retina. Both thin and dense mem- 
branes were readily transected, and 
qualitatively, the cuts appeared to be 
much cleaner (ie, lacking fine mem- 
brane strands that bridged the cut 
edges, Fig 4). 

We have successfully demonstrated 
cutting of experimental vitreous mem- 
brane with a holmium-YAG laser. 
When the retinal-shielding pick was 
employed, membranes could be tran- 
sected very close (0.5 mm) to the reti- 
na without causing laser-induced reti- 
nal injury. The holmium-YAG laser 
compares favorably with other midin- 
frared lasers that have previously been 
investigated for vitreous membrane 
cutting. With regard to precision, his- 
tologically, holmium-YAG laser inci- 
sions were less precise than erbium- 
YAG laser incisions by an order of 
magnitude. Holmium-YAG laser pro- 
duced a thermal zone of damage that 
extended 150 to 450 um from the edge 
of the incision. However, they were 
comparable with CO, laser incisions. 
With regard to delivery system, of the 
three infrared lasers (erbium-YAG, 
CO,, and holmium-YAG), holmium- 
YAG possesses, by far, the most prac- 
tical delivery system: commercial low- 
hydroxyl quartz optical fibers. We 
believe that the holmium-YAG laser 
may merit further investigation for 
this application. 
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Palladium 103 Ophthalmic Plaque Radiotherapy 


Paul T. Finger, MD; Darius M. Moshfeghi; Tony K. Ho, MS 


èe We compared the ocular radiation 
distribution of palladium 103 ('°Pd) vs 
iodine 125 ('*l) ophthalmic plaques sewn 
to 12 human donor eyes. We then per- 
formed preoperative comparative simula- 
tions on the first seven patients to be 
treated with palladium 103 plaque thera- 
py for choroidal melanoma. The in vitro 
experiment involved palladium 103 
seeds placed into a Silastic seed holder, 
which was affixed into standard 14-mm 
gold eye plaques. Then the plaques were 
sewn onto 12 human donor eyes so as to 
approximate either the nasal (six eyes) or 
temporal (six eyes) equator. Three sets 
of two thermoluminescent dosimeters 
were used to quantify the amount of 
radiation delivered by the episcleral 
plaques. Thermoluminescent dosimeters 


[ odine 125 (I) seeds encased in gold 

episcleral plaques have been used to 
treat choroidal melanoma and retino- 
blastoma.™ Within the last 10 years, 
the low-energy isotope “I has largely 
replaced the relatively high-energy 
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were sewn to the sclera in three loca- 
tions: on the center of the cornea, on the 
sclera beneath the macula, and at the 
equator in a position opposite the 
plaque. This experiment was then repeat- 
ed with iodine 125 seeds and thermolu- 
minescent dosimeters. After the plaques 
were adjusted to equalize their activity 
(plaque strength), the palladium 103 
plaques were found to deliver less radia- 
tion to the three target points. Compara- 
tive clinical dosimetry also reflected this 
difference. Preoperative simulations 
comparing equal doses to the tumors’ 
apex revealed that the palladium 103 
ophthalmic plaques delivered more radi- 
ation to the tumor and less radiation to 
most normal ocular structures. 

(Arch Ophthalmol. 1991;109:1610-1613) 


isotope cobalt 60 as the most commonly 
used ophthalmic plaque.** Since most 
of the radiation emitted from a typical 
'T plaque is absorbed within the first 
2.0 em, the switch to I resulted in 
less radiation to normal ocular struc- 
tures, to the implanting surgeon, and 
to medical personnel. Because the half- 
value layer of gold (for I) was 0.025 
mm, the 0.5-mm layer of gold used to 
manufacture episcleral plaques effec- 
tively blocked 99.95% of the radiation. 
Thus, when “I seeds were affixed 
within a gold bowl-shaped plaque, it 
created a directional source that deliv- 
ered less radiation to most normal 
tissues behind, adjacent to, and in 
front of the plaque." 

Palladium 103 ("Pd) seeds are cur- 
rently available and offer a lower ener- 
gy (average, 21 keV) than “I (aver- 
age, 28 keV)“ The lower-energy 
photons provided by “Pd are more 
rapidly absorbed in tissue and should 
reach less far into the eye, leading to a 
more rapid drop-off in axial dose.” 
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Compared with an “I plaque, struc- 
tures close to a “Pd plaque (eg, tumor) 
should absorb relatively more radia- 
tion, while structures far from the 
plaque (most normal tissues) should 
receive less radiation. Like “I, “Pda 
was also blocked by the gold plaque, 
which offers shielding of normal tis- 
sues behind and adjacent to the plaque 
(P.T.F. and T.K.H., unpublished data, 
August/September 1990). 

We performed an experiment on 12 
human donor eyes where thermolumi- 
nescent dosimeters (TLDs) and stan- 
dard eye plaques containing either I 
or Pd seeds were affixed in identical 
episcleral locations. We then compared 
the amount of radiation delivered by 
each source with three locations: on 
the center of the cornea (anterior 
dose), on the sclera beneath the macula 
(posterior dose), and at the equator in 
a position opposite the plaque (axial 
dose). This comparative experiment al- 
lowed us to determine whether “’Pd 
plaque radiotherapy would allow rela- 
tive sparing (when compared with I) 
of most normal ocular structures dur- 
ing treatment of intraocular tumors. 

Since September 1990, we have 
treated seven patients with “Pd 
plaque therapy. Preoperative simula- 
tions comparing “I and Pd ophthal- 
mic plaques were performed using the 
tumors’ apex as the prescription point. 
This study demonstrates the relative 
advantages of Pd vs I for ophthal- 
mic plaque therapy. 


MATERIALS AND METHODS 
Experimental Model 


We used 12 human donors’ eyes supplied 
through the courtesy of The Lions Eye 
Bank of Long Island, at North Shore Uni- 
versity Hospital-Cornell University Medi- 
cal College, Manhasset, NY. Eyes were 
chosen to have the same approximate size 
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and shape and no scleral lacerations. Eyes 
were insufflated (saline) to their maximum 
size before and after surgery. Radioactive 
eyes were stored in a lead container and 
kept frozen (—40°C) during radiotherapy. 
No changes in the shape of the eyes were 
noted after the  plaque-TLD array 
applications. 

Palladium 103 (Theragenics Corp, Nor- 
cross, Ga) and ™I (8M Corp, St Paul, Minn) 
seeds were used in this study. The outside 
dimensions of both types of seeds were 
identical. The seeds were cylindrical titani- 
um-encapsulated sources that measured 0.8 
mm in diameter and 4.5 mm in length.”~ 

Their construction differed in that "Pda 
seeds contain two rectangular (0.9 x 0.6- 
mm) "'Pd-plated graphite pellets separated 
by a rectangular (1.0 x 0.5-mm) lead x-ray 
marker, Each end of the palladium seeds 
appeared to be cupped, unlike their "I 
counterparts. Iodine 125 seeds are con- 
structed such that ™I is adsorbed on a 3.0- 
mm silver rod encased within the 4.5 x 0.8- 
mm titanium shell. Because of their 
equivalent length and width, we found that 
both types of seeds could be used in the 
standard Collaborative Ocular Melanoma 
Study-type plaque and seed carrier (Trach- 
sel Dental Studio Inc, Rochester, Minn). 


Plaque Construction 


Two gold 14-mm plaques with Silastic 
inserts were used during this study. Thir- 
teen "Pd seeds were obtained. Each seed's 
strength was checked in a well counter. The 
average activity per seed was noted to be 
71 MBq, for a total of 925 MBq at the time 
of plaque construction (Table 1). Seeds 
were placed so as to fill 13 of the inserts in 
the Silastic seed carrier used in Collabora- 
tive Ocular Melanoma Study plaques. The 
Silastic was then affixed into the gold 
plaque with silicone adhesive (Dow Corning 
Corp, Midland, Mich) and allowed to dry. 

Thirteen ™I seeds were obtained. Each 
seed’s strength was noted to be 85 MBq, for 
a total of 1110 MBq at the time of plaque 
construction. Seeds were placed so as to fill 
13 of the inserts in the Silastic seed carrier. 
The Silastic was then affixed into the gold 
plaque with silicone adhesive and allowed to 
dry. The first treatment was initiated when 
the plaque was calculated to have an activi- 
ty of 1036 MBq. 

To compare the "Pd and ‘I TLD data 
obtained during this experiment, a conver- 
sion factor was calculated to equalize the 
activity (megabecquerels) of each treat- 
ment pair (Table 1). The "Pd seeds were 
decaying with a 17-day half-life vs a 60-day 
half-life for ™I. All plaque strengths were 
calculated at the time of applications, and 
no correction was made for the decay of 
either source over the 24-hour study time. 
Our method was to compare the relative 
thermoluminescence response per unit of 
activity (37 MBq) at the time of application 
per hour of irradiation. The difference of 
TLD response due to the difference in 
photon energies between "Pd (21 keV) and 
“I (28 keV) was not corrected for in our 
analysis because it was previously not found 
to be significant.” 
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This diagram demonstrates the relative positions of thermoluminescent dosimeters (TLDs) and 
episcleral plaques. 
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Nasal/ Temporal —_—_ 103Bq / 125] 

Eye No. Placement Diameter, mm 13Pq 128) Conversion 
1 Nasal 28 888 1036 1.16 
a Nasal 28.5 852 1025 1.20 
3 Nasal 31 818 1012 1.23 
4 Nasal 28 784 1000 1.27 
5 Nasal 26 640 955 1.49 
6 Nasal 26 614 944 1.53 
7 Temporal 29- 590 783 1.32 
8 Temporal 31 566 770 1.35 
9 Temporal 28 544 748 1.37 
10 Temporal 28 522 723 1.38 
11 Temporal 27 500 714 1.43 
12 Temporal 29 481 692 1.44 


* 103Pd indicates palladium 103; '**l, iodine 125. Each eye was used twice so that thermoluminescent dosim- 
eters and eye plaques containing either '**I or Pd seeds could be affixed in identical episcleral locations for 
comparison. In each eye, plaque size was 14 mm, Silastic was used, and 13 seeds were used. 


Thermoluminescent Dosimeter 


Lithium fluoride crystal TLDs have been 
commonly used for clinical dosimetry.” For 
each data point, we used two Harshaw 
TLD-100 chips (Harshaw Corp, Cleveland, 
Ohio), which were 3x3 mm square in base 
and 1 mm thick. Before their use, TLD 
chips were exposed to 200 monitor units 
from a 6-MV x-ray therapy machine and 
selected to read within +2.5% of this 
known dose. Rectangular plastic envelopes 
were fashioned to contain two chips and 
were sewn to the episclera at three loca- 
tions. Then a radioactive scleral plaque was 
sewn to the episclera at the 3- or 9-o'clock 
positions so that its center approximated 
the equator (Figure). Each episcleral 
plaque application was for 24 hours. Each 
eye was used twice (treatment pairs) so 
that nasal “I plaques could be compared 
with nasal "Pd plaques and temporal "I 
aques could be compared with temporal 
“Pd plaques. The exact locations of the 
plaques-TLD envelopes were marked on 
the sclera of each eye so that the second 
“comparison-plaque-TLD array” would be 


the same. In addition, the size (sclera to 
sclera) of each eye was measured with 
calipers (Table 1). 


RESULTS 


We have averaged the values ob- 
tained by the two TLD chips and con- 
verted these values into TLD response 
per 37 MBq of initial activity at the 
time of application and per hour of 
irradiation. All exposures (treatments) 
were for 24 hours. Then we compared 
the amount of radiation delivered to 
the three target points for both '’I and 
"Pd (Table 2). 

For the corneal target point, we 
noted that eight of the 12 treatment 
pairs demonstrated less radiation de- 
livered by the "Pd plaque. Of the four 
remaining pairs, one was damaged in 
processing and three showed less radi- 
ation delivered by the I plaque. The 
average value (11 pairs) for reduction 
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in radiation offered by Pd was 36% 
(Table 2). 

For the macular target point, nine of 
12 treatment pairs demonstrated less 
radiation delivered by the “Pd 
plaques. The remaining three treat- 
ment pairs demonstrated less radiation 
provided by the “I plaques. To this 
target point, the average (12 pairs) for 
reduction in radiation offered by “Pd 
was 34% (Table 2). It was important to 
note that for the nasal plaque, the 
macular TLDs were much farther 
away from the plaque when compared 
with the temporal plaque-TLD arrays 
(Figure). This difference was reflected 
in the data (Table 2). 

The data for the opposite eye wall 
were the most consistent. Eleven of 
the 12 treatment pairs demonstrated 
that less radiation was delivered by 
the "Pd plaques. The remaining treat- 
ment pair showed that the ™I plaque 
delivered 25% less radiation than its 
“Pd counterpart. For the opposite eye 
wall, a target point farther from the 
plaque than the cornea or macula, the 
average reduction (12 pairs) offered by 
“Pd was 47% (Table 2). 

We have performed a study to exam- 
ine whether switching from “I to a 
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Table 2.—In Vitro TLD Data* 
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lower-energy isotope, “Pd, would of- 
fer relative sparing of normal ocular 
structures. Our data clearly suggest 
that, when compared with I, “Pda 
delivered less radiation to the cornea, 
macula, and opposite eye wall (Table 
2). 

Since September 1990, we have 
treated seven patients with “Pd 
plaque therapy for choroidal melanoma 
(Table 3). Two patients were treated 
with “Pd plaque therapy alone and 
received an average apical dose of 72 
Gy. Five patients also received adju- 
vant microwave hyperthermia and re- 
ceived an average apical dose of 45 Gy 
(Table 3). 

Preoperative simulations were per- 
formed for both ‘I and "Pd such that 
the apex of the tumor (prescription 
point) would be treated to the same 
total dose. Then we compared the dose 
delivered to the lens, optic nerve, fo- 
vea, and opposite eye wall (Table 4). 
Dose to normal ocular structures relat- 
ed to the size of the tumor and its 
intraocular location. The use of "Pd 
offered an average lens dose reduction 
of 30%, and 37% less to the opposite 
eye wall. 

The base dose (base of the tumor) 





TLD Response, 
Opposite Eye Wall 
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* TLD indicates thermoluminescent dosimeter; '°°Pd, palladium 103; and '**l, iodine 125. Values are TLD re- 








sponse per 37 MBq of initial activity at the time of application per hour of irradiation. 


Choroidal 
Melanoma 


Distance, mm 
eo 


was defined as a point at the inner 
sclera at the axial center of the plaque. 
This point received (on average) 21% 
more radiation with “Pd. Therefore, 
with equivalent apex doses, the aver- 
age intratumor dose was higher using 
“Pa, 

The foveal and optic nerve doses 
were dependent on their proximity to 
the plaque. Four patients had tumors 
less than 2 mm from their foveae, and 
therefore this structure was directly 
beneath the plaque and received an 
average of 8% more radiation with 
"Pd, In contrast, the three patients 
whose foveae were not in the target 
zone received an average of 13% less 
radiation to their foveae. Similarly, if 
one excludes the one juxtapapillary 
tumor, the six other tumors received 
an average of 16% less radiation to 
their optic nerves because they were 
treated with Pd instead of "I plaque 
therapy. 


COMMENT 


In plaque radiotherapy, a device is 
sewn to the episclera covering the base 
of the intraocular tumor. The radiation 
then passes through the sclera, irradi- 
ates the tumor, enters the vitreous, 
and exits the eye through normal ocu- 
lar structures. Palladium 103 (21 keV) 
seeds emit lower-energy photons than 
I (28 keV). Thus, with two episcleral 
plaques of equal strength (activity in 
megabecquerels), fewer “Pd photons 


RI eo ae ge Ring a) mee enanas should reach normal ocular structures. 
A E bean = ee —— We have noted this difference in a 
ee ee E E E E human donor eye model. When the 
3 5 TE 4 aa he a3 Zie episcleral plaques were normalized for 
F oo en BA TT T G 36 their activity, an average value of 36% 
; aoe ET aT ee ee EA less radiation was delivered to the 
a a To o bo ES Ta TRR cornea (anterior dose), 34% less was 
= ae a e ee A oa E ET delivered to the macula (posterior 
z e a EA as ae a Te ETA dose), and 47% less was delivered to 

A w e A T a o A = the opposite eye wall (axial dose). 
10 1.8. 82 -51 3 9.1 -67 18: 2i -652 Disadvantages. of Pa fees som- 
7 wer A T =i T T E pared with “I include a marginally 
3 oa a ae rr a increased scleral dose directly beneath 
=- = = the plaque, a relatively short half-life 

Average 2.9 4.5 —36 3.3 


(17 vs 60 days), and the fact that less is 
known about the dosimetry of “’Pd."* 


Microwave 


Dose, 
°C, min 
47, 45 
48.2, 45 
48, 45 
None 
49, 45 
47, 45 
None 


Dose Rate, 
Gy/h 
0.54 
0.46 
0.88 
0.102 
0.61 
0.70 
0.71 


Patient Size, mm, Clock Hour 


LXWXH Eye Position | 
10 X 10 X 3.4 8 
16 X 16 X 5.9 3:30 
10 X 10 X 4.2 2 


Plaque Activity, Dose to 


MBq Apex, Gy 
740 39 
1332 43 
1443 48 
10 X 8X 4.2 3 ; ZA 1 1665 77 
12 X 9 X 8.6 9 x fa 2960 46 
10 X 9 X 3.4 925 50 
8X7X3.7 1036 68 
*L X W XH indicates length by width by height; ON, optic nerve; F, fovea; EP, equator posterior; and P, posterior. 


Apex 
Location 


To ON ToF Size, mm 
42 44 
E 20 

x rr 
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Table 4.—Preoperative Simulations * 


Optic Nerve 
Patient 


No. ‘pd 125) pq 


Fovea 


125) 


Opposite Eye 





8 22. A 3.6 


5.3 





23 24 62 





30.2 31.6 69 








18 30.8 











1 
2 
3 
4 i 32.3 35 107 
5 
6 











*Values are total dose in Grays. ‘Pd indicates palladium 103; '5l, iodine 125. 


Effects of the standard gold plaque and 
silicone insert on radiation emitted 
from “I seeds include an attenuation 
effect attributed to the Silastic insert 
and lips of the gold plaque, a dose 
increase due to backscatter from the 
gold posterior to the seeds, and the 
interaction of seeds within the 
plaque.™™ Therefore, further dosime- 
try studies on “Pd should be useful. 

Two groups have examined the dose 
distribution of a single seed of “Pd and 
compared it with I. As measured 
from outer sclera to outer sclera, our 
axial target point (opposite eye wall) 
was an average of 28.3 mm from center 
of the plaque (Table 1). At this dis- 
tance, a comparative dose reduction of 
47% was noted with our multiseed 
plaques, a value consistent with the 
measurements obtained on single 
seeds at this distance.”* 

Other techniques have been used to 
reduce the amount of radiation deliv- 
ered to normal ocular structures dur- 
ing plaque therapy. In treatment of 
human choroidal melanomas, adjuvant 
microwave hyperthermia has been de- 
livered together with reduced doses of 
I plaque therapy." Intravitreal ra- 
diation-blocking agents have been in- 
vestigated as a method to shield nor- 
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mal ocular structures during 
experimental plaque radiotherapy.” 

To our knowledge, this study was 
the first to measure physically the 
amount of radiation emitted from a 
standard eye plaque containing ‘Pd 
seeds. Our in vitro data demonstrated 
that, when compared with “I, "Pd 
ophthalmic plaques of equal strength 
applied to eyes for an equal time deliv- 
ered less radiation to normal ocular 
structures. 

This study also describes the first 
clinical use of “’Pd ophthalmic plaques 
for treatment of intraocular tumors. 
Our patient data demonstrated that 
higher-activity “Pd plaques were re- 
quired to yield equivalent apex doses 
when compared with I, yet the dose 
distribution within the eye was charac- 
terized by more radiation to the tumor 
and less radiation to all normal ocular 
structures outside the targeted zone 
directly beneath the plaque. 


No authors have a proprietary interest in any of 
the products discussed or evaluated in this study. 

We wish to thank Samuel Packer, MD, Manhas- 
set, NY, for his guidance and review of the 
manuscript, and Melvin Astrahan, PhD, Los An- 
geles, Calif, Ravinder Nath, PhD, New Haven, 
Conn, and Sui-Tung Chiu-Tsao, PhD, Detroit, 
Mich, for allowing us to review the data from their 
preprints. 
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Conjunctival Prolapse 
onjunctival Prolap 
ee ae A n infant girl was diagnosed as having 
Conradi’s syndrome (chondrodysplasia 
punctata), which is characterized by an 
abnormally shaped head, saddle nose defor- 
mity, and hypoplastic maxilla (Fig 1). At 
age 18 months, a craniofacial surgeon per- 
formed a combined intracranial-extracranial 
frontal and supraorbital rim advancement. 
One day after surgery, soft-tissue fluc- 
tuance of the head and severe conjunctival 
edema and prolapse were noted that oc- 
cluded both visual axes (Figs 2 and 3). A 
computed tomographic scan with contrast 
confirmed a subdural and subgaleal cere- 
brospinal fluid leak. 

The prolapsed conjunctiva was treated 
conservatively with lubricants and moist 
plastic wrap chambers while the cerebrospi- 
nal fluid leak was sealed with a spinal drain. 
The edema over the frontal cranium sub- 
sided. The prolapsed conjunctiva was 
clamped and resected. The fornix was dou- 
bly suspended with a row of 5-0 chromic 
catgut sutures, emerging at the superior 
tarsal border nasally, centrally, and tempo- 
rally, and below the brow margin nasally, 
centrally, and temporally (Figs 4 and 5). 
Postoperatively, the edema resorbed, and 
the child was able to open her eyes 1 week 
later. Three months later, only minimal 
ptosis was present (Fig 6). 


COMMENT 


To our knowledge, conjunctival pro- 
lapse has never been reported as a 
complication of craniofacial surgery.” 
The mechanism for displacement of 
fluid into the conjunctiva after cranio- 
facial surgery and cerebrospinal fluid 









Fig 1.—Infant with Conradi’s syndrome be- Fig 2.—Severe conjunctival prolapse imme- 

fore craniofacial surgery. diately after supraorbital rim advancement. 
Note swelling of the soft tissues of the crani- 
um. Plastic wrap present (from Buckman and 
Levine’). 





. meane leakage is probably hydrostatic pres- 
Fig 3.—Two weeks after sealing cerebrospi- Fig 4.—Clamped and resected prolapsed sure and gravitational drainage into 
nal fluid leak, severe conjunctival prolapse conjunctiva (from Buckman and Levine’). the loose and stretched tissues of the 
was still seen. upper fornix. The conjunctival pro- 


lapse can be corrected only after the 
subdural and subgaleal cerebrospinal 
fluid leak is sealed. A double suspen- 
sion of conjunctiva above the tarsus 
and below the brow is necessary to 
create adequate adhesions for forniceal 
fixation. 


MARK R. LEVINE, MD 
Cleveland, Ohio 

GILA BUCKMAN, MD 
Petach Tikva, Israel 
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Surgical Technique 


An Alternative Technique of Local Anesthesia 
for Vitreoretinal Surgery 


Mark A. Friedberg, MD; Frank A. Spellman, MD; A. Raymond Pilkerton, MD; L. Edward Perraut, Jr, MD; Robert F. Stephens, MD 


e Retrobulbar anesthesia produces ef- 
fective local anesthesia for ocular sur- 
gery, but significant complications have 
been reported with its use. To maintain 
its efficacy and to minimize the risks 
associated with the passage of a needle 
behind the eye, we have placed local 
anesthesia into sub-Tenon’s space pos- 
teriorly using a blunt irrigating cannula in 
100 patients undergoing vitreous or reti- 
nal procedures. Posterior Tenon’s cap- 
sule is opened by blunt dissection, allow- 
ing the irrigating cannula to be passed 
into the posterior sub-Tenon’s space for 
anesthetic injection. The technique was 
effective in 98 of 100 patients, and no 
morbidity was associated with its use. 
(Arch Ophthalmol. 1991;109:1615-1616) 


etrobulbar anesthesia has tradi- 

tionally been the most common 
method of administering local anesthe- 
sia for ocular surgery. Reported com- 
plications of conventional retrobulbar 
anesthesia include cardiopulmonary 
and respiratory arrest, grand mal sei- 
zures, ocular perforation, retinal vas- 
cular occlusion, retrobulbar hemor- 
rhage, optic nerve injury, contra- 
lateral visual loss, and retinal detach- 
ment. ™” To avoid some of these compli- 
cations, many surgeons have switched 
to peribulbar anesthesia. Unfortunate- 
ly, globe perforation has been reported 
with this technique as well.” Critics 
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of peribulbar anesthesia cite a lower 
rate of adequate block, the possible 
need for multiple injections, and the 
larger dose of anesthetic and resultant 
tight orbit as drawbacks to the proce- 
dure. As many as 21% of eyes receiv- 
ing retrobulbar anesthesia and 28% of 
eyes receiving peribulbar anesthesia 


may require supplemental 
anesthesia during routine cataract 


extraction.” 

To achieve the effectiveness of re- 
trobulbar anesthesia and eliminate the 
risks associated with blind placement 
of a needle behind the eye, we have 
employed a simple, new technique of 
administering local anesthesia for vit- 
reous and retinal surgery. 


MATERIALS AND METHODS 


In preparation for vitreoretinal surgery, 
100 consecutive patients who were deemed 
cooperative for local anesthesia and intrave- 
nous sedation were treated as follows. Tet- 
racaine hydrochloride drops were placed in 
both eyes. The skin, evelids, and conjuncti- 
val fornices of the surgical eye were pre- 
pared with 10% povidone-iodine solution. A 
seventh nerve block was administered, and 
sterile drapes and a lid speculum were 
positioned. 

The patient was asked to look away from 
the quadrant of the eye intended to receive 
the injection, and the conjunctiva was tent- 
ed up with a pair of toothed forceps. Lido- 
caine hydrochloride (2%) was injected be- 
neath the conjunctiva to form a small bleb. 
To avoid accidental penetration of the 
globe, the beveled side of the needle was 
positioned toward the eye, the needle tip 
was kept in view, and the needle was 
directed tangential to the globe. The anes- 
thetized conjunctiva was incised down to 
bare sclera, and long, curved Steven's teno- 
tomy scissors (Storz, St Louis, Mo) were 
placed through the incision. The scissors 
were used to bluntly dissect between Ten- 
on's capsule and the sclera posteriorly, as is 


typically performed in routine scleral buck- 
ling surgery. The undersurface of Tenon’s 
capsule was grasped by the toothed forceps, 
and a blunt-tipped 19-gauge irrigating can- 
nula connected to a 5-mL syringe containing 
the anesthetic mixture was placed between 
Tenon’s capsule and the globe. The cannula 
was passed into the sub-Tenon’s space pos- 
terior to the globe, and 4 mL of the anes- 
thetic was injected. As soon as the cannula 
was withdrawn from the eye, the lateral 
rectus muscle was grasped by toothed for- 
ceps to assess the rapidity of onset of the 
anesthesia. 

Supplemental anesthesia was adminis- 
tered during the operation if needed by 
simply placing the blunt-tipped 19-gauge 
irrigating cannula connected to the anes- 
thetic mixture back into the sub-Tenon’s 
space through the previously made 
opening. 


RESULTS 


Of the 100 patients who received this 
anesthetic block, 68 underwent pars 
plana vitrectomy without scleral buck- 
ling, 16 underwent scleral buckling 
alone, 13 underwent pars plana vitrec- 
tomy and scleral buckling, two had an 
infected scleral buckle removed, and 
one underwent panretinal cryothera- 
py. In 86 cases, the anesthetic mixture 
consisted of a 50:50 mixture of 2% 
mepivacaine hydrochloride and 0.75% 
bupivacaine hydrochloride with 150 U 
of hyaluronidase. Ten procedures were 
performed with the same mixture us- 
ing only 0.5% bupivacaine hydrochlo- 
ride, and four procedures were per- 
formed with 0.75% bupivacaine 
hydrochloride alone and 150 U of 
hyaluronidase. 

By testing the sensation of the con- 
junctiva and lateral rectus muscle, we 
found the anesthetic effect to begin 
immediately. Akinesia was not tested 
but was noted to have a slower onset. 
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Patients did not experience pain from 
the administration of the anesthesia, 
although the role of intravenous seda- 
tion could not be determined. Two 
patients, both of whom underwent 
scleral buckling surgery, had signifi- 
cant discomfort despite repeated local 
infiltration of anesthesia. All other pa- 
tients denied having operative pain 
and showed no objective signs of such. 
Two additional patients required sup- 
plemental anesthesia within the first 
few minutes of the operation; however, 
the supplementation was simple to 
perform and the anesthetic effect was 
excellent. Residual ocular motility was 
not observed during any procedure. 
We observed no complications from 
this technique. 


COMMENT 


Compared with conventional retro- 
bulbar anesthesia, this new technique 
has the following theoretical advan- 
tages. The risk of perforating the globe 
is much less, the risk of penetrating 
the optic nerve and injecting into the 
subarachnoid space is markedly re- 
duced, the risk of injecting intravascu- 
larly is smaller, the risk of retrobulbar 
hemorrhage is diminished, and supple- 
mentation of the block is simpler. Most 
eyes, but especially large eyes with 
thin sclera, such as those with high 
myopia, should benefit from this 
technique. 

We do not recommend this new tech- 
nique for all patients undergoing vi- 
treoretinal surgery. Young children 
and very uncooperative adults may not 
be good candidates for any form of 
local anesthesia, including the form 
described herein. Likewise, patients 


who have extensive conjunctival and 
Tenon’ scarring from previous scleral 
buckling surgery may benefit from an 
alternative form of anesthesia, for it 
may be difficult to position the irrigat- 
ing cannula in the posterior sub-Ten- 
on’s space. However, we did not ex- 
clude patients who had previous ocular 
surgery, and did not encounter difficul- 
ties administering anesthesia in any of 
our patients. 

We believe there are many advan- 
tages to this anesthetic technique, but 
more experience is necessary before all 
potential complications and their inci- 
dence can be determined. We also have 
performed this technique in the office 
without intravenous sedation in 40 
eyes in preparation for panretinal pho- 
tocoagulation and in two eyes for pneu- 
matic retinopexy. A variation of the 
technique has been reported in 112 
cataract extractions.” We are only 
aware of one reported complication 
from direct placement of anesthetic 
into sub-Tenon’s space." In that case, 6 
mL of local anesthetic placed into the 
retrobulbar space by a blunt cannula 
led to a tight orbit and increased in- 
traocular pressure. We have found 4 
mL to be adequate for surgery, al- 
though our study with panretinal pho- 
tocoagulation suggests that even less 
anesthetic may be effective. 
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Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
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mol, A-157, Stanford Univ Medical Ctr, Stan- 
ford, CA 94305-5308; (415) 725-7269 


CALIFORNIA 


11th Ann Squaw Valley Retina Symp At: 1/31/92 

to 2/4/92 At: Olympic Valley Hrs Instr: 16 
Sponsor: Sacramento Retina Soc Contact: 
Richard A. Murray, MD, 2701 Eye St, Sacra- 
mento, CA 95816; (916) 442-4975 


The Mgmt of Glaucoma At: Stanford Date: 
2/1/92 Contact: CE Prgms, Dept of Ophthal- 


COLORADO 


Ann Midwinter Sem: Oncology/Pathology At: 
Vail Dates: 2/1/92 to 2/5/92 Hrs Instr: 16 Spon- 
sor: Colorado Ophthalmological Soe Contact: 
Carol Goddard, PO Box 4834, Englewood, CO 
80155; (803) 741-3937 


Ninth Ann Wilmer Inst Current Concepts in 
Ophthalmol & Hands-on Phacoemulsifica- 
tion Wet Lab At: Vail Dates 3/14/92 to 3/21/92 
Hrs Instr: 30 Reg Fee: $500, $350 for those in 
training Contact: Prgm Coord, The Johns Hop- 
kins Med Inst, Office of CE, Turner Bldg, 720 
Rutland Ave, Baltimore, MD 21205; (301) 955- 
2959 


FLORIDA 


Florida Winter Workshop—10th Ann Mtg At: 
Hollywood Dates: 12/27/91 to 12/29/91 Sponsor: 
Canadian Implant Assn Contact: Marvin L. 
Kwitko, MD, Prgm Chairman, 5591 Cote des 
Neiges Rd, Montreal, Quebec, Canada, H3T 
1Y8; (514) 735-1133 

1991 Bascom Palmer Clin Retina Update 
Course At: Miami Dates: 12/6/91 to 12/7/91 Hrs 
Instr: 7.5 Reg Fee: $160 Contact: CE in Oph- 
thalmol, PO Box 015869, Miami, FL 33101; (805) 
326-6099 


Cornea & External Disease 1992 Course At: 
Miami Dates: 1/17/92 to 1/18/92 Hrs Instr: 11 
Reg Fee: $250 Sponsor: Bascom Palmer Eye 
Inst Contact: CE in Ophthalmol, PO Box 
015869, Miami, FL 33101; (305) 826-6099 


Three Steps to Phaco At: Orlando Dates: 
11/15/91 to 11/16/91 Contact: Tami Willems, 
IOLAB Corp, 500 IOLAB Dr, Claremont, CA 


(Continued on p 1618.) 





10th ANNUAL PARK CITY 
MULTIDISCIPLINARY EYE AND FACIAL 
PLASTIC SURGERY CONFERENCE 


February 1-4, 1992 
Olympic Hotel — Park City, Utah 


A program for ophthalmologists, otorhinolaryngologists, 
dermatologists, plastic surgeons and oral surgeons. 


. . . . 


Co-Chairmen: THE 
Jeffrey C. Popp, M.D., F.A.C.S. 

Clinical Assistant Professor, Department of Ophthalmology 
Director, Oculoplastic, Orbital & Oncology Services 
University of Nebraska Medical Center 

Creighton University School of Medicine 

Omaha, Nebraska 


Robert M. Dryden, M.D., F.A.C.S. 
Clinical Professor, Department of Ophthalmology 


Director, Section of Eye Plastics and Reconstructive Surgery 
University of Arizona College of Medicine 
Tucson, Arizona 





Program Faculty: A. Jan Berlin, M.D., Louise Berlin, R.D.M.S., Michael 
Callahan, M.D., William Casey, M.D., Stanley Coulthard, M.D., C. James 
Fleming, M.D., John Harrington, M.D., Calvin Johnson, Jr., M.D., 
Lawrence Katzen, M.D., Peter Kay, M.D., Mark May, M.D., Janet Neigel, 
M.D., James Orcutt, M.D., William Offutt, IV, M.D., Vito Quatela, M.D., 
Joachim Seeger, M.D., Nicholas Soldo, M.D., Dean Toriumi, M.D., Tom 
Wang, M.D., Paul Weber, M.D., T. David Wilkes, M.D., Allan Wulc, M.D. 


* ** SPECIAL MINI WORKSHOP ON MIDAS REX DRILL xxx 


Sponsored by: The University of Nebraska Medical Center, Department 
of Ophthalmology 


Approved for AMA Category | — 16 hours 


For further information, contact: University of Nebraska Medical Center, 
Center for Continuing Education, 600 South 42nd Street, Omaha, NE 
68198-5651. Telephone (402) 559-5925. 
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CULLEN EYE INSTITUTE 
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DEPARTMENT OF OPHTHALMOLOGY 


TH ANNUAL 


Cullen Course 


CLINICAL ADVANCES IN OPHTHALMOLOGY 
FOR THE PRACTICING OPHTHALMOLOGIST 





Contact: Carol Soroka, Office of Continuing Edueatjon a 
Baylor College of Medicine, One Baylor Plaza, Houston, TX 77030 
fy >g 


MARCH 13-15, 1992 


The Houstonian Hotel and Conference Center 


“Ahead-of-the-Art” Developments 
State-of-the-Art Management 
Updated Review of Diagnosis & Therapy 
Topics Selected in Advance by Participants 


15 Full-Time Clinical Faculty + Panel Discus Oe 
Up to 40 Lecture Presentations * More than 20'Teghinical Exhibits 
Welcome Reception & Luncheon < . a 


(713) 798-6020 `+ R, 
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91711; (800) 423-1871 or (800) 352-1891 (inside 
Calif) 


Next Step to Phaco At: Orlando Dates: 11/15/91 

to 11/16/91 Contact: Tami Willems, IOLAB 
Corp, 500 IOLAB Dr, Claremont, CA 91711; 
(800) 423-1871 or (800) 352-1891 (inside Calif) 


Sixth Ann Midwinter Sarasota Vitreoretinal Up- 
date Course At: Sarasota Dates: 2/12/92 to 
2/15/92 Sponsor: Sarasota Retina Inst Contact: 
Tim Welsh, Course Coord, 3400 Bee Ridge Rd, 
Sarasota, FL 34239; (813) 921-5335 


GEORGIA 


Curr Neuro-Ophthalmol At: Atlanta Date: 
12/6/91 Hrs Instr: 6 Contact: Emory Univ Sch of 
Med, CME, 1440 Clifton Rd, Atlanta, GA 30322; 
(404) 727-5695 


HAWAII 


18th Ann Mtg of the Am Assn for Pediatric 
Ophthalmol & Strabismus At: Maui Dates: 
2/9/92 to 2/13/92 Contact: Tricia Stevens-Petras, 
Mtg Coord, 105-A Twin Ridge Lane, Richmond, 
VA 23235; (804) 320-2833 

Ophthalmol Update Course At: Mauna Lani 
Dates: 12/1/91 to 12/5/91 Reg Fee: $495 Contact: 
Emily Varnell, LSU Eye Center, 2020 Gravier 
St, Suite B, New Orleans, LA 70112; (504) 568- 
6700, ext 336 





CEDARS-SINAI CHS )MEDICAL CENTER 


The Division of 
sponsored by the 


Aithur and Eleanor Ellis Eye Center 


presents a conference on 
“GENETIC DISEASE AND THE EYE”. 


Hotel Sofitel Ma Maison 


Saturday January 25, 1992 


8:30 am to 3:30 pm 8555 Beverly Boulevard 
Los Angeles, CA 90048 
Topics to include: Congenital Corneal Opacities, Keratoconus, 


Down syndrome, Hereditary Cataracts, Marfan Syndrome, 
Neurofibromatosis, Retinoblastoma, Retinitis Pigmentosa and 


Molecular Approaches to Eye Disease 


Lecturers: 
U.C.L.A., Cedars and U.S.C. faculty 


Registration $25. No charge to residents in training 


CME credits: 7 hours of AMA category 1 


Course Director: 









lrene H. Maumenee, M.D., 
Professor of Ophthalmology, 
Johns Hopkins University. 


Yaron S. Rabinowitz, M.D., 

Cornea - Genetic Eye Medical Clinic, 
Mark Goodson Building, Suite 600, 
Cedars Sinai Medical Center, 

Los Angeles, CA 90048 

Tel. No.: 213 - 855-2613 


E aT 


MARYLAND 


Mgmt of Diabetic Retinopathy: Application of 
Guidelines From 1991 ETDRS Publication At: 
Baltimore Date: 11/15/91 Hrs Instr: 8 Reg Fee: 
$200, $100 for residents, fellows & allied health 
professionals Contact: Prgm Coord, The Johns 
Hopkins Med Inst, Office of CE, Turner Bldg, 
720 Rutland Ave, Baltimore, MD 21205; (301) 
955-2959 





Fourth Ann Wilmer Inst Current Concepts in 
Ophthalmol and Hands-on Excimer Laser & 
Phacoemulsification Wet Labs At: Baltimore 
Dates: 12/12/91 to 12/14/91 Hrs Instr: 20 Reg 
Fee: $300, $250 for those in training Contact: 
Prgm Coord, The Johns Hopkins Med Insts, Off 
of CE, Turner Bldg, 720 Rutland Ave, Balti- 
more, MD 21205; (301) 955-2959 


Recent Advances in the Mgmt of Age-Related 
Macular Degeneration: Guidelines From Re- 
cent Clin Trials At: Baltimore Date: 1/25/92 Hrs 
Instr: 8 Reg Fee: $200, $100 for residents, 
fellows & allied health profs Sponsor: The Wil- 
mer Ophthalmol Inst, The Johns Hopkins Medi- 
cal Insts Contact: Prgm Coord, The Johns Hop- 
kins Medical Insts, Office of CE, Turner Bldg, 
720 Rutland Ave, Baltimore, MD 21205; (301) 
955-2959 


NEVADA 


Contact Lens Assn of Ophthalmologists 
(CLAO) 1992 Ann Mtg At: Las Vegas Dates: 













1/15/92 to 1/18/92 Contact: Mtgs Registrar, 
CLAO, 523 Decatur St, Suite One, New Orleans, 
LA 70130-1027; (504) 581-400; FAX (504) 581- 
5884 


NEW YORK 


Intro to Computers for Phys & Office Mgrs At: 
New York Date: 11/16/91 Contact: Sylvia Sor- 
rentino, Conf Coord, The New York Eye & Ear 
Infirmary, 2nd Ave at 14th St, New York, NY 
10003; (212) 979-4444 or (212) 979-4480 


Corneal & External Diseases 1991: A Current 
Perspective At: New York Dates: 12/6/91 to 
12/7/91 Hrs Instr: 12.5 Contact: Sylvia Sorren- 
tino, Conf Coord, The Inst for CME, The New 
York Eye & Ear Infirmary, Second Ave at 
Fourteenth St, New York, NY 10003; (212) 979- 
4444 or (212) 979-4430 


Ophthalmic Plastic Surg: 21st Century Renais- 
sance At: New York Date: 12/11/91 Sponsor: 
Nassau Surg Soe Contact: Francine Leinhardt, 
Course Coord, Manhattan Eye, Ear & Throat 
Hosp, 210 E 64th St, New York, NY 10021; (212) 
838-9200 ext 776; FAX: (212) 832-9126 


Lasers in Ophthalmol At: New York Dates: 
1/10/92 to 1/11/92 Reg Fee: $400 Contact: Kim- 
berly Corbin, Course Coord, Manhattan Eye, 
Ear & Throat Hosp, 210 E 64th St, New York, 
NY 10021; (212) 605-3761; FAX (212) 753-7699 


The LuEsther T. Mertz Vitreous-Retina-Macular 
Lec: Retinal Venous Occlusive Disease At: 


this lication 
is parrot in 




















Dept. P.R. 





U.S.A. 


Name 
Institution 
Street 
City 

State 










300 North Zeeb Road 
Ann Arbor, MI 48106 





Please send me additional information. 
University Microfilms International 


18 Bedford Row 
Dept. P.R. 

London, WC1R 4EJ 
England 





New York Date: 1/21/92 Lecturer: Daniel Finkel- 
stein, MD Contact: Kimberly Corbin, Course 
Coord, Dept of Ophthalmol, Manhattan Eye, Ear 
& Throat Hosp, 210 E 64th St, New York, NY 
10021; (212) 605-3761, FAX: (212) 753-7699 


NORTH CAROLINA 


Univ of North Carolina Ophthalmol Residents’ 

Day At: Chapel Hill Date: 12/7/91 Contact: 
Christine C. Cotton, Dept of Ophthalmol, CB 
#7040, 617 Burnett-Womack Bldg, Univ of 
North Carolina, Chapel Hill, NC 27599-7040 


PENNSYLVANIA 


Retina Update: Inflammatory Dis At: Philadel- 
phia Date: 12/7/91 Hrs Instr: 3 Reg Fee: None 
Contact: Lucia Manes, Wills Eye Hospital, 900 
Walnut St, Philadelphia, PA 19107; (215) 440- 
3168 

Retina Update: Inherited Retinal Diseases At: 
Philadelphia Date: 1/11/92 Hrs Instr: 3 Reg Fee: 
None Contact: Lucia Manes, Wills Eye Hosp, 
900 Walnut St, Philadelphia, PA 19107; (215) 
440-3168 


Pediatric Ophthalmol for the Pediatrician At: 

Philadelphia Date: 1/18/92 Hrs Instr: 3 Reg Fee: 
None Contact: Lucia Manes, Wills Eye Hosp, 
900 Walnut St, Philadelphia, PA 19107; (215) 
440-3168 


Neuro-Ophthalmol Update At: Philadelphia 
Date: 1/25/92 Hrs Instr: 3 Reg Fee: None Con- 


tact: Lucia Manes, Wills Eye Hosp, 900 Walnut 
St, Philadelphia, PA 19107; (215) 440-3168 


Retina Update: Vascular Diseases & Diabetes 

At: Philadelphia Date: 2/1/92 Hrs Instr: 3 Reg 
Fee: None Contact: Lucia Manes, Wills Eye 
Hosp, 900 Walnut St, Philadelphia, PA 19107; 
(215) 440-3168 


Lid & Lacrimal Update At: Philadelphia Date: 
2/8/92 Hrs Instr: 3 Reg Fee: None Contact: 
Lucia Manes, Wills Eye Hosp, 900 Walnut St, 
Philadelphia, PA 19107; (215) 440-3168 


Pediatric Ophthalmol for the Gen Ophthalmolo- 
gist At: Philadelphia Date: 2/22/92 Hrs Instr: 3 
Reg Fee: None Contact: Lucia Manes, Wills 
Eye Hosp, 900 Walnut St, Philadelphia, PA 
19107; (215) 440-3168 


UTAH 


10th Ann Park City Multidisciplinary Eye & 
Facial Plastic Surg Conf At: Park City Dates: 
2/1/92 to 2/4/92 Hrs Instr: 16 Contact: Marge 
Adey of Brenda Ram, Univ of Nebraska Medical 
Ctr, Ctr for CE, 600 S 42nd St, Omaha, NE 
68198-5651; (402) 559-4152 


FOREIGN 


Neuro-Ophthalmol: A Rev & Update for Prac 
Ophthalmologists At: Toronto, Ontario, Cana- 
da Dates: 11/22/91 to 11/23/91 Contact: CE, 
Faculty of Med, Univ of Toronto, Med Sci Bldg, 
Toronto, Ontario, M5S 1A8, Canada; (416) 978- 
2718 


Ann Scientific Mtg of the Hong Kong Ophthal- 
mological Soc: The Eye & Systemic Diseases 
At: Hong Kong Dates: 11/30/91 to 12/1/91 Con- 
tact: The Sectretariat, Ann Scientific Mtg 1991, 
Hong Kong Ophthalmological Soc, c/o The Hong 
Kong Med Assn, 5/F Duke of Windsor Bldg, 15 
Hennessy Rd, Hong Kong; (852) 5278285; FAX: 
(852) 8650943 


Fourth Global IOL & Refractive Keratoplasty 
Workshop At: Hyderabad, India Dates: 1/29/92 
to 1/30/92 Sponsor: Hyderabad Acad of Ophthal- 
mol, Inst of Ophthalmol & Sarojina Devi Eye 
Hosp Contact: CS Reshmi, MD (Chairman, 
USA), Reshmi Eye Care Ctr, 2639 Brownsville 
Rd, Pittsburgh, PA 15227; (412) 881-4242 


Internatl Symp on Graves’ Ophthalmol At: Am- 
sterdam, the Netherlands Contact: Amsterdam 
Thyroid Club, c/o W. M. Wiersinga, MD, Dept of 
Endocrinology, F'5-258, Academic Med Ctr, Mei- 
bergdreef 9, 1105 AZ Amsterdam, the 
Netherlands 


14th Ann Wilmer Ophthalmol Inst Current Con- 
cepts in Ophthalmol & Hands-On Phacoemul- 
sification Wet Lab At: Dorado, Puerto Rico 
Dates: 2/9/92/ to 2/16/92 Hrs Instr: 30 Reg Fee: 
$500, $350 for those in training Contact: Prgm 
Coord, The Johns Hopkins Medical Insts, Office 
of CE, Turner Bldg, 720 Rutland Ave, Baltimore 
MD 21205; (801) 955-2959 


15th Ann Glaucoma Conf At: St Thomas, US 

Virgin Islands Dates: 2/10/92 to 2/12/92 Hrs 
Instr: 12 Reg Fee: $200/$100 Contact: Lucia 
Manes Wills Eye Hosp, 900 Walnut St, Philadel- 
phia PA 19107; (215) 440-3168 


BIWills Eye Hospital 


Glaucoma Service announces The Fifteenth Annual Glaucoma Conference 


February 10-12, 1992 


Frenchman's Reef Beach Resort, St. Thomas, U.S. Virgin Islands 


Guest Faculty: 
Reay H. Brown, M.D. 
Atlanta, Georgia 


Ronald L. Gross, M.D. 
Houston, Texas 


Mary Lynch, M.D. 
Atlanta, Georgia 


Donald S. Minckler, M.D. 
Los Angeles, California 


Mark L. Moster, M.D. 
Philadelphia, Pennsylvania 


Paul A. Weber, M.D. 
Columbus, Ohio 


Topics to include: 
Optic Disc Evaluation Laser and Filtering Surgery 
Combined Cataract and Glaucoma Surgery 


Wills Eye Hospital Faculty: 
L. Jay Katz, M.D. 

Marlene R. Moster, M.D. 
George L. Spaeth, M.D. 
Richard P. Wilson, M.D. 


L. Jay Katz, M.D. 
Program Chairman 


To be held at: 

Frenchman's Reef Beach Resort 
St. Thomas 

U.S. Virgin Islands 


Tuition Fees: 
$200 Practicing Physicians 
$100 Residents & Fellows 


AMA-CME 12 Credit Hours 
(Category I) 


Further Information: 

Wills Eye Hospital 

Department of Continuing 
Medical Education 

900 Walnut Street 

Philadelphia, PA 19107 

(215) 440-3168 
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Screening Mammography 
f 





f | Guidelines 
i Women with te Symptoms i 
STATE | vet Baseline | 
40-45 Every 1:2 years 
CENTER FOR CONTINUING a erie 
: MEDICAL EDUCATION PRESENTS 


doth ANNUAL POSTGRADUATE 
OPHTHALMOLOGY SYMPOSIUM 


DIABETES MELLITUS: 
OPHTHALMIC PERSPECTIVES a 


Presented by The Ohio State University 
Department of Ophthalmology & W 
Center for Continuing Education 


MARCH 6-7, 1992 


HYATT ON CAPITOL SQUARE, COLUMBUS, OHIO 


= : 
hat will you tell her about 
e 
screening mammography? 
Many of your patients will hear about screening mam 
mography through a program launched by the American 
Cancer Society and the American College of Radiology, and 
they may come to you with questions. What will you tell them? 
We hope you'll encourage them to have a screening 
mammogram, because that, along with your regular breast 
examinations and their monthly self examinations, offers the 
best chance of early detection of breast cancer, a disease which 
will strike one woman in 10 
If you have questions about breast cancer detection for 
asymptomatic women, please contact us 


American 18%! Preston White D 
EACH cotece ot Reston, Virginia 2209 


Radiology | 


Conference Topics—Diabetic Considerations in: 

m Cataract Surgery m Laser and Vitreous Surgery 
m Cornea m Fluorescein Angiography 
m Anesthesia 

B Pregnancy 


m Glaucoma 
m Neuroophthalmology 
m Orbital Disease 
Fee: $225—Physicians $100—Residents/Fellows 
CME credits available 
; = 2 nRa AMERICAN Prolessional Education Dey 
To register or for more information, call the Center for Continuing CANCER *§! ar 


Medical Education at (614) 292-4985 or 1-800-492-4445. 


Manhattan Eye, Ear & Throat Hospital 
1991-92 CME Courses 


Corneal Frontiers 1991 - 4 eat Video Conference 
Course Direc: Wn OES RfChard Gibralter, M.D. 
BATA Ea Mechi 


November 16, 1991 


Current corn niques will be presented using a unique video format. 


January 10-11, 1992 
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All courses will be 

held at Manhattan 

Eye, Ear & Throat 
Hospital in New York City 
and have CME 


Category | Accreditation. 


For further information 
contact: Kimberly Corbin, 
Course Coordinator, 
Department of 
Ophthalmology, 
Manhattan Eye, Ear 
& Throat Hospital, 
210 East 64th Street, 
New York, NY 10021 
(212) 605-3761 

Fax: (212) 753-7699 





Lasers in Ophthalmology: An Advanced Course 

in Ophthalmic Laser Surgery 

Course Director: Jason Slakter, M.D. 

This program will provide an update on the “state of the art” in GLAUCOMA, 
OCULOPLASTIC, RETINA and CORNEA-CATARACT laser surgery and will cover indications, 
contraindications and complications of laser treatment. 


February 29, 1992 

Glaucoma Seminar - Live Surgery 

Course Directors: Raymond L. Harrison, M.D. & Maurice Luntz, M.D. 

LIVE TELEVISED procedures including Holmium laser filtering surgery, YAG laser contact 
cilio-ablation, sub-scleral Scheie filtration and Molteno implant surgery will be covered at 
this comprehensive review of contemporary glaucoma practice. 


March 7, 1992 

Frontiers in Vitreoretinal and Laser Surgery 
Course Director: Jesse Sigelman, M.D. 

This course will present practical applications of the latest techniques in vitreoretinal surgery 
and laser. Special attention will focus on the most common challenging retinal diseases. 





DWills Eye Hospital 


Winter Seminar: 
An Update for the Comprehensive Ophthalmologist 








March 5-7, 1992 


The Westin Mission Hills Resort, Rancho Mirage, CA 
Peter J. Savino, M.D., Program Director 


| 

] 

Day 1 Glaucoma ) 

Day 2 Retina | 
Day 3 Cataract and Anterior Segment Surgery 


Guest Speaker: Samuel Masket, M.D. 
Associate Clinical Professor 
of Ophthalmology 
University of California at Los Angeles 
Jules Stein Eye Institute 


Wills Eye 


Hospital Faculty: William E. Benson, M.D. 
David H. Fischer, M.D. 
Stephen B. Lichtenstein, M.D. 
Marlene R. Moster, M.D. 
Peter J. Savino, M.D. 
S. Gregory Smith, M.D. 
George L. Spaeth, M.D. 
William Tasman, M.D. 
Richard P. Wilson, M.D. 


Registration Fees: Further Information: 


$250.00 Wills Eye Hospital 
$125.00 (Residents—with Letter Department of 
from Program Director) Continuing Medical Education 
n 900 Walnut Street 
CME Credits: í ‘ 
12 Hours (Category 1) Philadelphia, PA 19107 


(215) 440-3168 
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Introducing: 


HIV Infection 
and Disease 


Monographs for Physicians 
and Other Health Care Workers 


HIV Disease is a major health care 
challenge to physicians and other 
medical professionals. With an 
estimated 1.5 million Americans 
infected with HIV, you must stay 
informed. No other single resource 
can give you more practical 
information quickly and concisely. 


about: 


Asingle, practical resource 
HIV Infection and Disease 


This single resource 
includes information 


¢ HIV and Features of Its Infection 

¢ The Use of Anti-Retroviral 
Therapy for the Treatment of 
AIDS and Related Disorders 

e Alternative Therapies 

¢ Physicians and Home Health 
Care for Patients with AIDS 

¢ Ethical Issues in AIDS and HIV 






and Other Health © 


ScD, former Surgeon General, 
United States Public Health Service 
(1981-1989 ). Each monograph 
presents authoritative information 
on HIV, written and reviewed by 
a panel composed of such leading 
authorities as Dani P Bolognesi, 
PhD, Samuel Broder, MD, Anthony 
S. Fauci, MD, Harold W. Jaffe, MD, 
and Jay A. Levy, MD. 


Gain proficiency in HIV diagnosis 


provides authoritative, practical Infection 

F itation These 16 h and treatment ... order your copy 
pitti AO fs eee its of HIV Infection and Disease today. 

are in a highly concentrated form. Rely on the opinion of 

Since each monograph takes about experts 


an hour to read, it’s an excellent 
self-study tool. 


HIV Infection and Disease features 
a forward by C. Everett Koop, MD, 





Complete and mail this form along with your payment to: 
Book & Pamphlet Fulfillment/OP014690, American Medical 
Association, PO. Box 10946, Chicago, IL 60610-0946 


Please send me: 
(AMA Member) copies @ $8.00 ea. $ 
(Non-member) copies @ $10.00 ea. $ 

Add sales tax (CA, DC, IL, NY only) $ 

Total $ 

Phone orders: Call toll free: 1-800-621-8335. 
For information on quantity discounts, call the AMA Order 
Department 312-464-2000. 


* Please allow 4-6 weeks for delivery * Prices subject to change without notice 
+ Payment must accompany order 


Name 
Address 


City/State/Zip 
Please indicate method of payment: 
Enclosed is my check payable to: American Medical Association 


MasterCard eee ee 


Account # Exp. Date 


Cardholder's Signature Daytime Phone # 
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All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or 
related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about "BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 


Box 


mail sent in care of Archives of Ophthalmology. 


CLASSIFIED 
INFORMATION 


Regular Classified 3 times 
or more* 


$ 1.05 


1 Time 


Cost per word $1.15 
Minimum ad: 20 words per issue 


*In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Box Service 
Available for all ads. The cost is $20.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly mailed 
directly to you. 


Closing Date 


The 25th of the second month prior to issue date. 
Example: The November issue closes September 
25th. No ads can be cancelled after the closing 
date. 
Send we copy, corres 
aterials an 


AROTUVES 


Ophthal mology 
Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
For assistance with your ad schedule call toll free: 
800-237-9851 @ 813-443-7666 


ndence, production 
payments to: 


Professional Opportunities 


OPHTHALMOLOGIST desiring long-term associ- 
ation. BC/BE general ophthalmologist; subspecialty 
training and/or previous practice experience 
desirable but not mandatory. Join existing practice 
expanding to three ophthalmologists, largely 
secondary and tertiary care. Excellent office/ASC, 
hospital facilities and staffs. Attractive family-oriented 
community of 100,000 nestled in Yellowstone Valley, 
one hour from Rocky Mountains. Drawing area 
250,000-350,000. Salary with incentive. Progressing 
to full partnership. Send CV/references. Billings Eye 
Clinic, 34 Heatherwood Lane, Billings, MT 59102. 


RETINA/VITREOUS — HAWAII: BC/BE ophthal- 
mologist with fellowship training or strong interest in 
medical and surgical retina is sought for a position 
with seven other ophthalmologists and twelve 
optometrists. The eye department services the needs 
of 180,000 members of the Kaiser Permanente 
Medical Care Program in Hawaii. Sub-specialties of 
cornea and glaucoma are represented within the 
Group. Only medical and surgical practice is 
involved, no refractions. Favorable starting salaries, 
opportunity for academic association. Reply to: 
Stephen Miller, MD, Chief, Ophthalmology Depart- 
ment, Kaiser Permanente Medical Center, 3288 
Moanalua Road, Honolulu, HI 96819. Telephone: 
(808) 529-2669. An equal opportunity employer. 


OPHTHALMOLOGIST -— Central California, large 
volume, well established, well respected, ASC and 
clinic. New, modern facility and equipment potential 
for significant anterior segment surgery. Early part- 
nership. Send CV to: Frederick A. Richburg, MD, 
Valley Eye Institute, 1680 East Herndon Avenue, 
Fresno, CA 93720. 


PLEASE NOTE -— Address replies to box number 
ads as follows: Box number ____ , c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 


Professional Opportunities 


RETINA: Busy retina practice in the midwest seeks 
a vitreo-retinal surgeon. Fellowship required. 
Association leading to partnership. Send CV to: Box 
#646, c/o AOP. 


RETINAL SPECIALIST 


Board-eligible/-certified retinal ophthalmologist to join our 
six-physician ophthalmic group practice. Our group 
practice is located 1'/« hours northwest of Philadelphia, 
Pennsylvania. Excellent medical community and family 
environment. Modern, well-equipped office with certified 
ancillary staff. The position offers excellent salary and 
fringe benefits with opportunity for partnership. Interested 
individuals should send curriculum vitae to: Mr. David L. 
O'Donnell, West Reading Ophthalmic Associates, 206 
South Sixth Avenue, West Reading, PA 19611. 
Telephone: (215) 378-1348. 


BOARD-CERTIFIED OPHTHALMOLOGIST wanted 
with fellowship training in uveitis and immunology. 
Contact: Richard A. Eiferman, MD, University of 
Louisville, 301 East Muhammad Ali Boulevard, 
Louisville, KY 40202. 


VITREO-RETINAL SURGEON: Dynamic medical/ 
surgical retina vitreous practice thirty minutes from 
Atlanta, seeks fellowship trained vitreoretinal sur- 
geon BC/BE early partnership. Academic affiliation 
available. Send CV to: Box #659, c/o AOP. 





VITREOUS 
AND 
RETINAL SURGEON 


A second vitreous and retinal 
surgeon is needed to join our 
Ophthalmology Division which has 
a staff of five ophthalmologists 
representing several sub-specialties 
located on the main campus in 
Urbana. A one or two year vitreo- 
retinal fellowship is expected. Carle 
Clinic Association is a 218 physi- 
cian, private multi-specialty group 
practice associated with the 
University of Illinois, College of 
Medicine. Extensive fringe benefits 
include malpractice coverage, 
outstanding retirement package, 
health, life and disability insurance, 
moving allowance and excellent 
vacation and meeting time. Write 
including CV to: 





Robert C. Parker, Jr., MD 
Medical Director 
CARLE CLINIC 
ASSOCIATION 


602 West University 
Urbana, Illinois 61801 





Or call collect (217) 337-3417. 


, c/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 


Professional Opportunities 


MAINE — Exceptional opportunity for BC/BE oph- 
thalmologist to join established ophthalmology 
practice in beautiful northern New England. Referral 
base 400,000 with 120,000 in immediate area. Wide 
ranging cultural, academic and recreational oppor- 
tunities. Modern, well equipped office adjoining 
growing medical center with extensive diagnostic 
and laboratory services. Association with opportunity 
for partnership. Send CV to: Jean H. Tibbetts, MD, 
Suite 230, 417 State Street, Bangor, ME 04401. 


GLAUCOMA - Full-time position for a glaucoma 
specialist with opportunities for clinical research and 
teaching in a very busy not-for-profit setting. Can- 
didate must be BC or BE, and at least one year of 
subspecialty training in glaucoma. Practice is located 
in a modern, state-of-the-art equipped facility in the 
scenic Black Hills area of South Dakota. The facility 
includes subspecialists in retina, pediatrics, neuro, 
plastics, cornea , and anterior segment. This region- 
al center serves patients from a five state area and 
provides services at fifteen satellite locations. Please 
forward letters of application and curriculum vitae to: 
Joseph Dillenburg, Executive Director, Black Hills 
Regional Eye Institute, 2800 South Third Street, 
Rapid City, SD 57701. 


OPHTHALMOLOGIST: GENERAL -— Preferred 
vitreo-retinal. Leading New York City eye center, 
busy surgical practice, excellent salary and future. 
Fully equipped facility. P.O. Box 20M, 220 East 65th 
Street, New York City, NY 10001. 


Pediatric 
Ophthalmologist 


Ophthalmologist with fellowship in Pedi- 
atric Ophthalmology and Strabismus to 
work at least 50% in subspecialty area. 
Gundersen Clinic is a 260-physician, multi- 
specialty group with adjacent 402-bed 
teaching and tertiary level facility. Current 
department has seven Ophthalmologists 
covering all subspecialties, 12 ophthalmic 
technicians and new physical plant and 
equipment. Applicant will do general ophthal- 
mology including cataract surgery as well. 


Gundersen Clinic is located on the 
Mississippi River in La Crosse, WI, a 
metropolitan area of 100,000 people. 
Beautiful setting with many cultural and 
recreational opportunities available. Excel- 
lent school system. University of Wisconsin- 
La Crosse, a private, 4-year college, and 

a technical college also located in the 
community. Excellent working conditions, 
competitive salary and excellent pension 
program. No investment required. 


Call Tim Skinner, Manager, Physician 
Recruitment, TOLL-FREE 1-800-362- 
9567, ext. 6673. Or send your CV to him: 
Gundersen Clinic, Ltd., 1836 South 
Avenue, Dept. S-11, La Crosse, WI 
54601. An equal opportunity employer. 
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Giaucoma 
SPECIALIST 


Marshfield Clinic, a 400 physi- 
clan multispecialty group 
practice, is seeking a fellow 
trained Glaucoma specialist 
for its specialty ophthalmol- 
ogy department. 


Qualified physician would Join 
a nine member department 
with one existing Glaucoma 
specialist. Competitive salary, 
excellent fringe benefits, with 
equipment and support staff 
provided. Large referral base 
with nearest Glaucoma spe- 
cialist more than 100 miles dis- 
tant. Area offers a wide variety 
of outdoor recreational op- 
portunities. For more informa- 
tion send CV or contact : 


Dr. Richard Patchett 
1000 North Oak Avenue 
Marshfield, WI 54449 
or call (715) 387-5236 


Academic 
Ophthalmologist: 


GLAUCOMA 


Southern Illinois University Schoo! of 
Medicine in Springfield, Illinois, has an 
academic ophthalmology position open 
for an individual specializing in glau- 
coma. Requirements for the position 
include competency in teaching, an 
interest in basic science or Clinical 
research, completion of a one-year 
fellowship in glaucoma and board- 
certification or board-eligibility in 
ophthalmology. Individuals hired to 
alternate rank positions may sub- 
sequently be considered for transfer to a 
tenure-eligible faculty rank under 
appropriate circumstances, as set forth 
in the School of Medicine guidelines. 
Curriculum vitae and letter of inquiry 
should be sent to: 


Lance P. Steahly, MD 
Professor and Chairman 
Southern Illinois University 
School of Medicine 
Division of Ophthalmology 
Department of Surgery 
Post Office Box 19230 
Springfield, IL 62794-9230 


Southern Illinois University School of 
Medicine is an equal opportunity/ 
affirmative action employer. 


Practices Available 


SOLO PRACTICE — General ophthalmology. Profit- 
able high per capita income, west Texas. Modern 
office equipment, minor operating suite, microscope, 
ultra sound, micro surgical instruments. Two hospi- 
tals, good schools, college and university. High 
practice expansion potential in pediatrics and 
surgery. Box #635, c/o AOP. 


SOUTHERN CALIFORNIA general and subspecialty 
practices for sale: Coastal communities, great 
climate and schools. General and anterior segment 
subspecialty offices near retirement communities. 
Will stay to introduce. Box #656, c/o AOP. 


FLORIDA GENERAL OPHTHALMOLOGY practice. 
Turn key operation. Seller wishes to retire after thirty 
years eye surgery/medicine in southeast Florida 
oceanside community. Box #658, c/o AOP. 


Faculty Positions 


GLAUCOMA SPECIALIST — Full-time faculty pos- 


ition available for graduate of approved residency 
program, fellowship trained, and board-certified or 
board-eligible. Duties include teaching, patient care, 
and research. Salary commensurate with expe- 
rience. Send CV to: V. Al Pakalnis, MD, Associate 
Professor and Chairman, Department of Ophthal- 
mology, University of South Carolina School of 
Medicine, 4 Richland Medical Park, Suite 100, 
Columbia, SC 29203. 


Medical Equipment/ Supplies 


MEDICAL EQUIPMENT/Supplies — Belrose Haag- 
Streit Type Slit Lamps: $2,995. Belrose Applanation 
Tonometers: $995. Belrose Keratometers: $1,250. 
Belrose Projectors: $520. Belrose Poc Wall 
Brackets: $98. Demo Topcon SPP-1000 computer- 
ized perimeter/power table: $8,500, Reconditioned 
AO slitlamps $1,895. Reconditioned Mentor 
Perimeter: $3450. Belrose Refracting Equipment 
Company, 3734 West Oakton Street, Skokie, IL 
60076. (800) 875-5235. 


LOYOLA UNIVERSITY 
CHICAGO 


The Department of 
Ophthalmology at Loyola 
University Chicago is seeking a 
full-time staff member with 
subspecialty training in glaucoma. 


Loyola University Medical Center 
is located in the western suburbs 
of Chicago, adjacent to the 
affiliated Hines VA facility. 


Applicants must have completed 
an eye residency and appropriate 
fellowship training. 


Responsibilities include patient 
care, teaching, laboratory and 
clinical research. 


Send curriculum vitae, list of 
references and other support 
information to: 


Walter M. Jay, MD, Chairman 
Department of Ophthalmology 
LOYOLA UNIVERSITY 

MEDICAL CENTER 

2160 South First Avenue 
Maywood, IL 60153 


Loyola University Chicago is an equal 
opportunity educator and employer. 


PHTHALMOLOGISTS 


Marshfield Clinic, a 400 physician multi- 
specialy group practice, Is oe BE/BC 
Sa hthalmologists to join expanding re- 
nal centers In ASHLAND and RICE LAKE, 
WISCONSIN. These are beautiful, wooded 
Wisconsin areas with an abundance of 
lakes, rivers and streams. Each Is Ideally 
sulted for physicians seeking to combine 
professional excellence In a Midwest, 
family-oriented location offering excep- 
tlonal four-season recreational activities. 


eclalty group see 
Ice Lake is a (hh ie 


_ than21/2hoursnortheast of Minneapolls/ 
St. Paul, This Is a gouna multispeclalty 
oup practice of 18 physclans. Wiscon- 

_ sin consistently leads the nation In ACT 
scores and the school systems In these 
communities are excellent. Each has Its 
own special qualltles with more attractive 
features relative to Individual needs and 
preferences. The Initial total compensa- 
tlon package is vulued In excess of 
$200,000. If this combination of profes- 
sional excellence and life-style made 
possible through the backup resources of 
a leading medical cenfer In conjunction 
with the uncommon, varled beauty of 
Wisconsin's land and lakes sounds Interest- 
Ing to you, please send C.V. and refer- 


ences to: David L. Draves, 
Director Regional 
Development 
1000 North Oak Avenue 
Marshfield, WI 54449 
or call 1-800-826-2345, 
extension 5376 


Marshfield Cinic 


OCULAR 
IMMUNOLOGY 
FELLOWSHIP 


Harvard Medical School and 
the Massachusetts Eye and Ear 
Infirmary. One and two year 
positions — 1992. Research 
and clinical (medical and 
surgical) training in external 
and intraocular inflammatory 
diseases. Faculty: two senior 
staff ocular immunologists, a 
PhD immunologist, and a 
molecular biologist. Over 
5,000 patient visits per year. 
Salary: dependent upon 
background, experience, and 
fund availability. 


For further information and 
application contact: 


Dr. C. Stephen Foster 
Director, Immunology Service 


MASSACHUSETTS EYE 
AND EAR INFIRMARY 


243 Charles Street 
Boston, MA 02114 
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MANUAL OF STYLE 


The one to consult 


hether it’s a multi-volume work or a short article, 
you'll find the write stuff in the AMA Manual of Style. 

This 8th Edition, a major revision, is the standard among 
medical publishers. All major aspects of manuscript prepara- 
tion are covered in five sections which outline: @ Preparing 
an article for publication @ Style e Terminology @ Mea- 
surement and Quantitation @ Technical Information and 
Bibliography. 

You'll find everything you need to make your article a 
success including: @ Legal and Ethical Matters è Grammar 
@ Punctuation © Word Use @ Foreign Words and Phrases 
è Diacritics ¢ Abbreviations @ Units of Measure ®© Num- 
bers and Percentages @ Mathematics @ Statistics @ Produc- 
tion and Printing Terms @ Editing and Proofreading Marks 
e@ Eponyms @ Nomenclature @ Greek Alphabet @ Virus 
Names @ SI Units and Conversion Tables è Expanded Col- 
lection of Graphs and Charts @ Bibliography @ Resources 
for On-Line Databases. 

Next time you have a question about making your 
medical writing more clear, concise and 
accurate, be ready with one simple answer — 
the AMA Manual of Style. Order your 
copy today! 

1988/377 pp/4351-X/$26.95 


Want it faster? Call FREE 
1-800-638-0672 from anywhere in the U.S. 


ae ieee mmm L 


Yes, send me —— copies of AMA Manual of Style (4351-X) at $26.95 
per copy. If not completely satisfied, I may return the book within 30 days at 
no further obligation (US only). 


Payment Options 
Save postage and handling charges by enclosing your payment. 
O Check enclosed O Bilme O VISA O MasterCard O Am Ex 





Card # Exp. Date 





Signature/P.O. # 


Name 





Address 


@ City/State/Zip 
Williams & Wilkins 428 East Preston Street, Baltimore, MD 21202 
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Pre d Fo rte® (prednisolone acetate) 1.0% 


sterile ophthalmic suspension 


INDICATIONS AND USAGE: Pred Forte is indicated for the 
treatment of steroid responsive inflammation of the palpebral 
and bulbar conjunctiva, cornea and anterior segment of the 
globe. CONTRAINDICATIONS: Pred Forte is contraindicated in 
acute untreated purulent ocular infections, acute superficial 
herpes simplex (dendritic keratitis), vaccinia, varicella and most 
other viral diseases of the cornea and conjunctiva, ocular 
tuberculosis, and fungal diseases of the eye. It is also 
contraindicated for individuals sensitive to any components of 
the formulation. WARNINGS: In those diseases causing thinning 
of the cornea, perforation has been reported with the use of 
topical steroids. Since Pred Forte contains no antimicrobial, if 
infection is present, appropriate measures must be taken to 
counteract the organisms involved. Acute purulent infections of 
the eye may be masked or enhanced by the use of topical 
steroids. Use of steroid medication in the presence of stromal 
herpes simplex requires caution and should be followed by 
frequent mandatory slit-lamp microscopy. As fungal infections 
of the cornea have been reported coincidentally with long-term 
local steroid applications, fungal invasion may be suspected in 
any persistent corneal ulceration where a steroid has been used, 
or is in use. Use of topical corticosteroids may cause increased 
intraocular pressure in certain individuals. This may result in 
damage to the optic nerve, with defects in the visual fields. It is 
advisable that the intraocular pressure be checked frequently. 
Posterior subcapsular cataract formation has been reported 
after heavy or protracted use of topical ophthalmic 
corticosteroids. Contains sodium bisulfite, a sulfite that may 
cause allergic-type reactions, including anaphylactic symptoms 
and life-threatening or less severe asthmatic episodes in certain 
susceptible people. The overall prevalence of sulfite sensitivity 
in the general population is unknown and probably low. Sulfite 
sensitivity is seen more frequently in asthmatic than in 
nonasthmatic people. PRECAUTIONS: General: Patients with 
histories of herpes simplex keratitis should be treated with 
caution. Carcinogenesis, mutagenesis, impairment of fertility: 
No studies have been conducted in animals or in humans to 
evaluate the potential of these effects. Pregnancy Category C: 
Prednisolone has been shown to be teratogenic in mice when 
given in doses 1-10 times the human dose. There are no 
adequate well-controlled studies in pregnant women. 
Prednisolone should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 
Dexamethasone, hydrocortisone and prednisolone were ocularly 
applied to both eyes of pregnant mice five times per day on days 
10 through 13 of gestation. A significant increase in the 
incidence of cleft palate was observed in the fetuses of the 
treated mice. Nursing Mothers: \t is not known whether topical 
administration of corticosteroids could result in sufficient 
systemic absorption to produce detectable quantities in breast 
milk. Systemically administered corticosteroids are secreted 
into breast milk in quantities not likely to have a deleterious 
effect on the infant. Nevertheless, caution should be exercised 
when topical corticosteroids are administered to a nursing 
woman. Pediatric Use: Safety and effectiveness in children have 
not been established. ADVERSE REACTIONS: Adverse reactions 
include increased intraocular pressure, which may be associated 
with optic nerve damage and defects in the visual fields; 
posterior subcapsular cataract formation; secondary ocular 
infections from fungi or viruses liberated from ocular tissues; 
and perforation of the globe when used in conditions where 
there is thinning of the cornea or sclera. Systemic side effects 
may occur rarely with extensive use of topical steroids. 


= ALLERGAN PHARMACEUTICALS 


Allergan Pharmaceuticals, A Division of Allergan, Inc., 
Irvine, CA 92713 ©1991 Allergan, Inc. 
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GOLD 
STRIKE. 


Reach for the “gold standard” 
in severe ocular 
inflammation therapy. 


Pred Forte’ 


(prednisolone acetate) 1% 
sterile ophthalmic suspension 
Specify “Brand Medically Necessary.” 


Pred Forte is contraindicated in acute superficial herpes simplex keratitis; fungal diseases of 
the ocular structures; vaccinia, varicella and most other viral diseases of the cornea and 
conjunctiva; tuberculosis of the eye; and hypersensitivity to any component of this 
medication. Since this product does not contain an antimicrobial, if infection is present, 
appropriate measures must be taken to counteract the organism involved. 

Please see adjacent page for brief prescribing information. 


Æ ALLERGAN PHARMACEUTICALS Allergan Pharmaceuticals, A Division of Allergan, Inc., Irvine, CA 92713 


© 1991 Allergan, Inc. 
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) / The Marfan Syndrome Is Caused by a Point Mutation 


in the Fibrillin Gene 
I. H. Maumenee 





Cataract Extraction After Proton Beam Irradiation 
for Malignant Melanoma of the Eye 


E. S. Gragoudas, K. M. Egan, P. G. Arrigg, 
J. M. Seddon, R. J. Glynn, J. E. Munzenrider 





Clinical Risk Factors for Failure in Glaucoma Tube Surgery: 
A Comparison of Three Tube Designs 
M. J. Lavin, W. A. Franks, R. P. L. Wormald, R. A. Hitchings 


A Whole-Field Scotopic Retinal Sensitivity Test 
for the Detection of Early Glaucoma Damage 
Y. Glovinsky, H. A. Quigley, B. Drum, R. A. Bissett, H. D. Jampel 


- Reoperation Following Diabetic Vitrectomy 
G. C. Brown, W. S. Tasman, W. E. Benson, J. A. McNamara, R. C. Eagle, Jr 


Dose Response and Duration of Action of Dorzolamide, sed 
a Topical Carbonic Anhydrase Inhibitor ees 
E. A. Lippa, L.-E. Carlson, B. Ehinger, L.-O. Eriksson, K. Finnstr6m, 
C. Holmin, S.-E. G. Nilsson, K. Nyman, C. Raitta, A. Ringvold, 
A. Tarkkanen, T. Vegge, D. Deasy, D. Holder, J. Ytteborg 
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a When you ask for a strong profile 
in a beta-blocker, we follow 
your instructions to the letter. 














, Betoptic s 


(betaxolol HCI) 


[be POAG and Be hypertensive 


Sterile Ophthalmic 
Suspension, 0.25% 


patients where treatment is indicated 


S is for Strength 
of Suspension Technology 


Strength of drug 
delivery 


e Patented technology slows release and 
increases retention of drug in the eye 


e The amount of betaxolol delivered to 
the aqueous humor by the 0.25% sus- 
pension is equal to that delivered by the 
0.5% solution 


e Efficacy equivalent to 0.5% solution has 
been demonstrated in clinical trials 


A a 
( eae lon- one 
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Sodium ion Betaxolol ions 


“Beta-1 selectivity is not absolute. 


BETOPTIC® S Sterile Ophthalmic Suspension has produced minimal 
effects in patients with reactive airway disease; exercise caution in 
treating patients with excessive restriction of pulmonary function. 
Asthmatic attacks and pulmonary distress have been reported during 
betaxolol treatment. Although rechallenges of some such patients 
with ophthalmic betaxolol have not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in 
patients sensitive to beta-blockers cannot be ruled out. 


PLEASE SEE BRIEF SUMMARY OF PRESCRIBING INFORMATION ON THE NEXT PAGE. 


©1991 Alcon Laboratories, Inc. 


Strength of improved 
comfort 


e Active drug is released more slowly to 
the cornea, resulting in improved 
patient comfort 


Strength of beta-I* 
safey 


e Offers the safety advantages of a selec- 
tive ocular beta-blocker 


è Does not significantly compromise heart 
rate or pulmonary function 


e CNS side effects are salad reported 








Contraindicated in patients with sinus bradycardia N +> - 
first degree atrioventricular block, cardiogenic shock} 

failure, or hypersensitivity to any component of this pro 
caution in treating patients with a history of cardiac failure, heart 
block, and patients receiving adrenergic psychotropic drugs or 
catecholamine-depleting drugs such as reserpine. Observe patients 
receiving an oral beta-blocker and BETOPTIC® S suspension for pos- 
sible additive effect on known systemic effects of beta-blockade. 


© 
™% ALCON LABORATORIES, INC 
PE & FORTWORTH, TEXAS 76134 
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BETOPTIC® S (betaxolol HCI) 0.25% as base Sterile Ophthalmic Suspension 


DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochloride, a 
cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angle 
glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 
pressure lowering medications. 

CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 
same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 
BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 
failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at the first signs of cardiac failure. 

PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin/or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 
consistent with certain myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 
Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 
agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 
rechallenges of some such patients with ophthalmic betaxolol has not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 
orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 
effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 
observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent; therefore, 
caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: In 
patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
constriction of the pupil with a miotic agent. Betaxolol has little or no effect on the pupil. When 
BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
Impairment of Fertility: Lifetime studies with betaxolol HCI have been completed in mice at oral 
doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HC! demonstrated no 
carcinogenic effect. Higher dose levels were not tested. In a variety of in vitro and in vivo bacterial and 
mammalian cell assays, betaxolol HCI was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 
administered betaxolol HCI in rats and rabbits. There was evidence of drug related postimplantation 
loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolol HC! was 
not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 
subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women. 
BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether betaxolol HCI is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have not been established. 

ADVERSE REACTIONS: Ocular: In clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 
foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
with other formulations of betaxolol include allergic reactions, decreased corneal sensitivity, edema 
and anisocoria. Systemic: Systemic reactions following administration of BETOPTIC S Ophthalmic 
Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 
Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 
characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
failure. Central Nervous System: Insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 

OVERDOSAGE: No information is available on overdosage of humans. The oral LD50 of the drug 
ranged from 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be 
expected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent 
are bradycardia, hypotension and acute cardiac failure. A topical overdose of BETOPTIC S Ophthalmic 
Suspension 0.25% may be flushed from the eye(s) with warm tap water. 

CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 

U.S. Patent Nos. 4,252,984; 4,311,708; 4,342,783;4,911,920. 
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Statistics. 
Stat! 





Current. Complete. Accurate. 

The data source of choice 

for writers and publishers, 
researchers and analysts, 
planners and policy makers, 
product managers and marketers. 


Physician Characteristics and Distribution in the U.S. 
gives you immediate access to data from the most 
complete and accurate information source on all physi- 
cians in the country — 


eSpecialty and activity distributions by age and sex ¢ 
General and subspecialty categories ° Physician-popula- 
tion ratios by specialty ¢ Specialty Board certification 
statistics ¢ Statistics on medical graduates by school, year, 
and sex Ħ Federal and non-federal physician distributions 
e Metropolitian areas & counties * Much more 


Published by the American Medical Association, this 
290-page resource document contains numerous easy-to- 
read charts, graphs, and summary tables to help you 
visualize the data. 


This information is unavailable in 

any other single publication. 

Quantities are limited.Order today! OP#390290 
AMA members: $70 per copy* 

Non-members: $95 per copy* 


Call toll-free: 1-800-621-8355 
Visa, MasterCard, American Express and Optima 
accepted 





*Plus any applicable state sales tax. 
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For more information about FOSCAVIR: 


Call Astra Medical Information Services 


1-800-388-4148 


Call FOSCAVIR Reimbursement Program 
1-800-488-FAIR (3247) 


Customer Service/Ordering 
1-800-225-4803 


new From ANTERA 


stra Pharmaceutical Products, Inc, 
Westborough, MA 01581-4500 
Copyright © 1992 by Astra Pharmaceutical Products, Inc. 


wee ee ee ee ee ee aaa aa | 





Control 
Phosphate-Buffered Saline 
(Preservative-Free) 

e Normal morphology 

+ Abundant microvilli 





c 
Lubricant Ophthalmic Solution 
(Preservative-Free) 

e Normal morphology 

+ Abundant microvilli 












Tears Naturale® I] 

Lubricant Eye Drops 

e Compressed anterior 
cell surface 

e Sparse microvilli 


e Some cytoplasmic pitting 


Hypo Tears? 
Lubricating Eye Drops 

* Prominent rounded nuclei 

e Pitted cytoplasm 

e Slight cellular retraction 

e Reduced number of microvilli 


STAGE 3 


IN THE SYSTEM FOR OCULAR SURFACE DISEASE” 


A Rational Plan To Manage Dry Eye Associated With Ocular Surface Disease 





Scanning Electron Micrographs 
Of Human Corneal Epithelial Cells 
Treated With Ocular Lubricants 
For 60 Minutes (In Vitro - 1000X 
Magnification. Clinical 


Significance Is Unknown)! 
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affiliation of all authors with city location. It should also include the 
address to which requests for reprints should be sent. 


Informed Consent. — Manuscripts describing experimental inves- 
tigation of human subjects should state formally in the “Methods” 
section that an appropriate institutional review board has approved 
the project and/or informed consent has been obtained from all adult 
participating subjects and from parents or legal guardians of partici- 
pating minors. Refer to patients by number, eg, patient 1 (or, in 
anecdotal reports, by fictitious given names). 


Financial Disclosure.—If the article discusses in any way a de- 
vice, equipment, an instrument, ora drug, the author(s) must state in 


PLEASE NOTE: COMMON ERRORS TO AVOID FOR 
BOTH ORIGINAL ARTICLES AND CORRESPONDENCE 


— (1) Failure to send original typed manuscript plus two 
copies. 

— (2) Failure to double-space entire manuscript (ab- 
stract, references, legends, and tables) with rag- 
ged right-hand margins. 

— (3) References not in proper format, not in numerical 
order, or not cited in text. 

(4) Use of 1'/2-spacing rather than double-spacing. 

(5) Failure to send three sets of illustrations/photo- 
graphs or original color slides plus two sets of 
color prints. 

(6) Title too long. 

(7) Failure to label abstract or to provide abstract 
(not needed for letters to the editor, case reports, 
photo essays). Abstract too long. 

(8) Incomplete or improper consent forms for patient 
photographs; improper or incomplete legends. 

(9) Failure to include the authorship responsibility, 
financial disclosure, and copyright transmittal 
statements (needed for all manuscripts and 
Correspondence). Failure to include all authors’ 
personal signatures on statements. 

(10) Failure to designate the corresponding author and 
provide telephone or fax number and address. 

(11) Failure to indicate willingness to pay for author's 
share of color illustrations. 
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a footnote whether they do or do not have any commercial or propri- 
etary interest in the product or company. Likewise, they must reveal 
whether they have any financial interest or receive payment as a 
consultant, reviewer, or evaluator. In addition, authors must disclose 
any financial interest owned by a spouse, minor child, or relative 
living in the same household, or known to be held by the author's 
employer, partner, or business associate. In addition to footnoting 
proprietary interest, the following must be true and the statement 
must be signed by all authors: 


“All affiliations with or involvement in any organization or 
entity with a direct financial interest in the subject matter or 
materials discussed in the manuscript (eg, employment, consul- 
tancies, stock ownership, honoraria) have been disclosed in an 
attachment to the manuscript. I understand that such affili- 
ation(s) will not affect consideration of the manuscript but may be 
published as a footnote if the manuscript is accepted.” 

Note: Research or project support should be listed in an acknowl- 
edgment in the manuscript. 


Abstract.—Provide an abstract (135-word maximum) of the arti- 
cle, including statements of the problem, method of study, results, 
and conclusions. The abstract should be specific and sufficiently 
complete to allow the reader a quick evaluation of the paper. Do not 
include a “summary” section in the text. 


References. — List references in numerical order (not alphabetical- 
ly). Once a reference is cited, all subsequent citations should be to the 
original number. All references must be cited in the text or tables. 
Unpublished data and personal communications should not be listed 
as references but parenthetically within the text. References to 
journal articles should include (1) author(s) (if more than six, 
write “et al” after the third name), (2) title, (3) journal name (as 
abbreviated in Index Medicus), (4) year, (5) volume number, and 
(6) inclusive page numbers, in that order. References to books should 
include (1) author(s), (2) chapter title (if any), (3) editors (if any), 
(4) title of book, (5) city of publication, (6) publisher, (7) year, and 
(8) page, if indicated. Authors are responsible for the accuracy of 
references. 


SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (Exceptions are visual acuity measure- 
ments and intraocular pressure recordings. ) 


Illustrations. — Use only those illustrations that clarify and aug- 
ment the text. More than 10 total illustrations per manuscript would 
have to be justified. Submit illustrations (preferably 5 x 7 in) in 
triplicate, unmounted and untrimmed, with each set separately 
packaged. Do not send original artwork. Send high-contrast glossy 
prints. Figure number, name of senior author, and arrow indicating 
“top” should be typed on a gummed label and affixed to the back of 
each illustration. Illustrations submitted for publication may be relet- 
tered to achieve uniformity of lettering style throughout the journal. 
Magnification and stain should be provided when pertinent. If a 
specific figure arrangement is desired, please include a photocopied 
layout. Due to space limitations, the editors ask that authors erop out 
all extraneous portions on clinical photographs, CT scans, and ultra- 
sound images (for example, identifying features or patient names), or 
indicate crop marks on photo margins. 


Illustrations in full color are accepted for publication if the editors 
believe that color will add significantly to the published manuscript. 
Please submit one set of positive transparencies (35- mm slides) and 
two sets of color prints. The ARCHIVES will pay part of the expense of 
reproduction and printing color illustrations, the remainder to be 
borne by the author. Submit a statement indicating the authors’ 
willingness to accept this cost. After deducting the ARCHIVES’ contri- 
bution, the author’s share is $400 for up to six square-finished illustra- 
tions that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at cost. 


Legends. — Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum of 40 
words and should allow the illustration to be fully understandable 
without recourse to the text. Use arrows, letters, etc, for enhanced 
understanding. 


Authorized Use of Photographs.—Recognizable photographs 
may be published only if specifically consented to by the patient. To 
facilitate proof, the consent should be in writing. Any restrictions or 
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limitations on the consent must be strictly observed; eg, eyes are 
blocked out only as a condition of consent. Consent forms must 
include a specific statement that photographs and information related 
to a case may be published either separately or in connection with 
each other, in professional journals or medical books, provided that it 
is specifically understood that the patient shall not be identified by 
name. Parental consent for the above must include signatures of both 
living parents. Consent releases for minors without living parents 
must be signed by the legally appointed guardian. Submit consent 
forms with the manuscript. See ‘Informed Consent’. 


Acknowledgments. — Illustrations from other publications are 
rarely published but if used must be acknowledged. Include the 
following when applicable: author(s), title of article, title of journal or 
book, volume number, page(s), month, and year. The publisher's 
permission to reprint must accompany the manuscript. 


Statistical Consultation. —We recommend that statistical consul- 
tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 
different from the author) should be included. 


Animal Experimentation.—In the case of animal experimenta- 
tion, please indicate in the “Methods” section what animal-handling 
protocols were followed, eg, “Institutional guidelines regarding ani- 
mal experimentation were followed.” 


Tables. —Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 x 27.9-cm (81/2 x 11-in) paper. 
Do not use larger paper. If a table must be continued, use a second 
sheet and repeat all heads and stubs. Each table must have a title. 


Photo Essay. — Manuscripts for this section should emphasize the 
visual aspects of the subject presented and should be sent directly to 
the Editor of the ARCHIVES. Picture(s) should be of high quality and 
self-explanatory. Photographs can be of clinical entities, laboratory 
studies and findings (eg, smears, histologic sections), diagnostic tech- 
niques (roentgenograms, CT scans, MRIs, ultrasound, etc), thera- 
peutic procedures, or a combination. The Photo Essay should not 
necessarily result in a brief clinicopathologic report. Rather, it should 
be a collection of photos that convey an important laboratory or 
clinical diagnosis and/or management story that becomes self-evident 
on inspection of the illustrations. A concise essay, limited to 250 
words, describing the clinical or laboratory information, photo- 
graph(s), and a brief list of references (five or fewer) should be 
submitted in triplicate. There is no limit on the number of photos, but 
articles will be limited to one or two printed pages, and all material 
must fit into this format. Refer to the general “Instructions for 
Authors” for other requirements (especially the illustrations). 


Questions and Answers.—Questions for this section should be 
submitted to Stewart M. Wolff, Section Editor, Archives of Ophthal- 
mology, 11 E Chase St, Baltimore, MD 21202. Such questions are 
subject to editorial review and editing and will be published as space 
and editorial priorities permit. Questions should not exceed six dou- 
ble-spaced typed lines. A signed copyright transmittal letter must be 
included. 


Correspondence and Case Reports. —Contributions to these sec- 
tions may include comments on articles published in the 
ARCHIVES, informative case reports, or other matters of ophthalmic 
interest. Correspondence and Case Reports are subject to editorial 
review and will be published as space and editorial priorities permit. 
Published letters will be listed by author and title in the table of 
contents, and authors and subjects are indexed by the major indexing 
services. Correspondence and Case Reports ordinarily should not 
exceed 500 words in length and should have a maximum of three 
references. Two figures or one figure plus one table can be printed. 
Typescripts should be double-spaced with a ragged right-hand mar- 
gin and submitted in triplicate. A signed copyright transmittal letter 
must accompany all manuscripts. Refer to the general “Instructions 
for Authors” for additional requirements. 


Reprints.— Reprints can be ordered at the time the typescript is 
returned after editorial processing. 


AMA Manual of Style. —This 1989 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $26.95. A ship- 
ping charge is added on all orders not prepaid. If additional ordering 
information is needed, or to order by telephone, call 1-800-638-0672. 
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The first fluoroquinolone for both bacterial conjunctivitis and corneal ulcer 


(ciprofloxacin HCI) 0.3% as Base 
Sterile Ophthalmic Solution 


Rapid killing action for 
important ocular pathogens 











Cilexan 


(ciprofloxacin HCI) 0.3% as Base 
Sterile Ophthalmic Solution 


Rapid killing action for 
important ocular pathogens 


PEED 


Rapid resolution of ocular infections 


Oren 


The power to treat both routine and tough ocular infections 


OPECTRAUM 


A broad spectrum of activity against important ocular pathogens 













THE FIRST OF A STRONG NEW CLASS 


Powerful enough to achieve 
impressive results for bacterial 
conjunctivitis after only 7 days 


Frequently Isolated Causative Patients with 
Organisms Complete 
Eradication 


Staphylococcus aureus 78% 
Staphylococcus epidermidis 76% 
Streptococcus pneumoniae 75% 


After only 3 days of therapy, 
63% of corneal ulcers were 


completely re-epithelialized 


Percent of corneal ulcers with complete re-epithelialization over time (n=148) 
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THE POWER TO SUCCEED AS SINGLE-AGENT THERAPY 


Clinical success for corneal ulcer patients was achieved using CILOXAN as 
single-agent therapy, without any fortified, systemic, or subconjunctival 
injections or other topical therapy. In clinical trials, resolution of bacterial 
infection and complete corneal re-epithelialization were achieved in 92% of 
patients with single-agent CILOXAN therapy. 





THE FIRST OF A STRONG NEW CLASS 


Broad spectrum coverage 
and potent in vitro activity 


CILOXAN is effective against CILOXAN is active against these 
these important ocular pathogens organisms in vitro’: 
clinically and in vitro: 


Important Ocular Pathogens MIC (g/mL) Important Ocular Pathogens = MICs0(11g/mL) 
Pseudomonas aeruginosa 0.72 Hemophilus influenzae 0.05 
Serratia marcescens 0.45 Acinetobacter calcoaceticus 0.54 
Staphylococcus aureus 0.70 Chlamydia trachomatis 1.00 
Staphylococcus epidermidis 0.40 Citrobacter species 0.22 
Streptococcus pneumoniae 2.60 Enterobacter species 0.27 
Streptococcus (Viridans Group) 1.60 Escherichia coli 0.12 
Klebsiella pneumoniae 0.85 
Mycobacterium tuberculosis 0.74 
Neisseria species 0.01 
Proteus species 0.05 


*The clinical significance of these in vitro data is unknown. 


CIPROFLOXACIN HAS EXHIBITED A 
LOW FREQUENCY OF RESISTANCE 


CILOXAN destroys bacteria differently through inhibition of the DNA gyrase. Only 
chromosomal mutation has been identified as a possible cause of bacterial resistance. 
CILOXAN does not cross-react with other types of antimicrobial agents such as beta-lactams 
or aminoglycosides, so organisms resistant to these drugs may be susceptible to CILOXAN. 


THE CILOXAN DIFFERENCE 


Spectrum, power, and speed are enhanced 

by a difference in chemical structure. 

CILOXAN is truly unique in its chemical z 
structure. CILOXAN is the only fluoro- 7 
quinolone with a cyclopropyl group which rid 
increases the overall potency of the drug. ve 
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Please see brief summary of important ocular pathogens 


prescribing information on 
the next page. 
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DESCRIPTION: CILOXAN™ (Ciprofloxacin HCl) Ophthalmic Solution is 
asynthetic, sterile, multiple dose, antimicrobial for topical ophthalmic use. 


INDICATIONS AND USAGE: CILOXAN™ Ophthalmic Solution is indi- 
cated for the treatment of infections caused by susceptible strains of 
the designated microorganisms in the conditions listed below: 
Corneal Ulcers: Pseudomonas aeruginosa 

Serratia marcescens* 

Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus pneumoniae 

Streptococcus (Viridans Group)* 
Conjunctivitis: Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus pneumoniae* 
*Efficacy for this organism was studied in fewer than 10 infections. 


CONTRAINDICATIONS: A history of hypersensitivity to ciprofloxacin or 
any other component of the medication is a contraindication to its use. 
A history of hypersensitivity to other quinolones may also contraindi- 
cate the use of ciprofloxacin. 


WARNINGS: NOT FOR INJECTION INTO THE EYE. 
Serious and occasionally fatal hypersensitivity (anaphylactic) reac- 
tions, some following the first dose, have been reported in patients 
receiving systemic quinolone therapy. Some reactions were accompa- 
nied by cardiovascular collapse, loss of consciousness, tingling, pha- 
ryngeal or facial edema, dyspnea, urticaria, and itching. 
nly a few patients had a history of hypersensitivity reac- 
tions. Serious anaphylactic reactions require immediate 
emergency treatment with epinephrine and other resus- 
citation measures, including oxygen, intravenous fluids, 
intravenous antihistamines, corticosteroids, pressor 
amines, and airway management, as clinically indicated. 


PRECAUTIONS: 

General: As with other antibacterial preparations, pro- 
longed use of ciprofloxacin may result in overgrowth of 
nonsusceptible organisms, including fungi. If superinfec- 
tion occurs, appropriate therapy should be initiated. 
Whenever clinical judgment dictates, the patient should 
be examined with the aid of magnification, such as slit 
lamp biomicroscopy and, where appropriate, fluorescein 


In clinical studies of patients with bacterial corneal ulcer, a white 
crystalline precipitate located in the superficial portion of the corneal 
defect was observed in 35 (16.6%) of 210 patients. The onset of the pre- 
cipitate was within 24 hours to 7 days after starting therapy. In one 
patient, the precipitate was immediately irrigated out upon its appear- 
ance. In 17 patients, resolution of the precipitate was seen in 1 to 8 days 
(seven within the first 24-72 hours), in five patients, resolution was 
noted in 10-13 days. In nine patients, exact resolution days were unavail- 
able; however, at follow-up examinations; 18-44 days after onset of the 
event, complete resolution of the precipitate was noted. In three 
patients, outcome information was unavailable. The precipitate did not 
preclude continued use of ciprofloxacin, nor did it adversely affect the 
clinical course of the ulcer or visual outcome. (SEE ADVERSE 
REACTIONS). 


Drug Interactions: Specific drug interaction studies have not been 
conducted with ophthalmic ciprofloxacin. However, the systemic admin- 
istration of some quinolones has been shown to elevate plasma con- 
centrations of theophylline, interfere with the metabolism of caffeine, 
enhances the effects of the oral anticoagulant, warfarin, and its deriva- 
tives and has been associated with transient elevations in serum creati- 
nine in patients receiving cyclosporine concomitantly. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight in vitro 


mutagenicity tests have been conducted with ciprofloxacin and the test 
results are listed below: 


Ophthalmic Solution 


staining. ee 

Ciprofloxacin should be discontinued at the first 
appearance of a skin rash or any other sign of hypersen- sm 
sitivity reaction. 





(ciprofloxacin HCI) 0.3% as Base 
Sterile Ophthalmic Solution 


Salmonella/Microsome Test (Negative) 

E. coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 
Chinese Hamster V7. Cell HGPRT Test (Negative) 

Syrian Hamster Embryo Cell Transformation Assay (Negative) 
Saccharomyces cerevisiae Point Mutation Assay (Negative) 
Saccharomyces cerevisiae Mitotic Crossover and Gene 
Conversion Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 


Thus, two of the eight tests were positive, but the results of the following 
three in vivo test systems gave negative results: 


Rat Hepatocyte DNA Repair Assay 
Micronucleus Test (Mice) 
Dominant Lethal Test (Mice) 


Long term carcinogenicity studies in mice and rats have been com- 
pleted. After daily oral dosing for up to two years, there is no evidence 
that ciprofloxacin had any carcinogenic or tumorigenic effects in these 
species. 

Pregnancy-Pregnancy Category C: Reproduction studies have been 
performed in rats and mice at doses up to six times the usual daily 
human oral dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to ciprofloxacin. In rabbits, as with most antimicro- 
bial agents, ciprofloxacin (30 and 100 mg/kg orally) produced gastroin- 
testinal disturbances resulting in maternal weight loss and an increased 
incidence of abortion. No teratogenicity was observed at 
either dose. After intravenous administration, at doses up 
to 20 mg/kg, no maternal toxicity was produced and no 
embryotoxicity or teratogenicity was observed. There 
are no adequate and well controlled studies in pregnant 
women. CILOXAN™ Ophthalmic Solution should be 
used during pregnancy only if the potential benefit justi- 
fies the potential risk to the fetus. 


Nursing Mothers: It is not known whether topically 
applied ciprofloxacin is excreted in human milk; however, 
it is known that orally administered ciprofloxacin is 
excreted in the milk of lactating rats and oral ciprofloxacin 
has been reported in human breast milk after a single 
500 mg dose. Caution should be exercised when 
CILOXAN™ Ophthalmic Solution is administered to a 
nursing mother. 


Pediatric Use: Safety and effectiveness in children 
below the age of 12 have not been established. Although 
ciprofloxacin and other quinolones cause arthropathy in 
immature animals after oral administration, topical ocular administration 
of ciprofloxacin to immature animals did not cause any arthropathy and 
there is no evidence that the ophthalmic dosage form has any effect on 
the weight bearing joints. 


ADVERSE REACTIONS: 

The most frequently reported drup related adverse reaction was local 
burning or discomfort. In corneal ulcer studies with frequent administra- 
tion of the drug, white crystalline precipitates were seen in approxi- 
mately 17% of patients (SEE PRECAUTIONS). Other reactions 
occurring in less than 10% of patients included lid margin crusting, crys- 
tals/scales, foreign body sensation, itching, conjunctival hyperemia and 
a bad taste following instillation. Additional events occurring in less than 
1% of patients included corneal staining, keratopathy/keratitis, allergic 
reactions, lid edema, tearing, photophobia, corneal infiltrates, nausea 
and decreased vision. 

OVERDOSAGE: A topical overdose of CILOXAN™ Ophthalmic Solu- 
tion may be flushed from the eye(s) with warm tap water. 

ANIMAL PHARMACOLOGY: Ciprofloxacin and related drugs have 
been shown to cause arthropathy in immature animals of most species 
tested following oral administration. However, a one-month topical ocu- 
lar study using immature Beagle dogs did not demonstrate any articular 
lesions. 
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Correspondence 


Aminoglycoside Toxicity 


To the Editor.—I read the article by Campochiaro and Con- 
way’ with interest. This survey of retinal specialists suggests 
a more widespread toxicity of aminoglycosides after intravi- 
treal injection than previously reported. Although the au- 
thors do not present a satisfactory explanation for this high 
prevalence of toxicity, they conclude “ ... that macular 
infarction can occur after intravitreous injection of any amin- 
oglycoside, even with doses that were previously considered 
safe.” 

I would like to point out that the most probable cause of the 
toxicity seen in their data is the practice of intravitreal injec- 
tion of antibiotics after vitrectomy. There is a misconception 
among many investigators who believe that doses determined 
to be nontoxic to the retina in the presence of the vitreous can 
be administered to the vitrectomized eye. 

Very early in our studies, we found the established safe 
doses of antibiotics to be toxic to the vitrectomized eye.” The 
absence of vitreous exposes the retina to these high concen- 
trations of antibiotics, producing toxic effects. Therefore, 
instead of intravitreal injection, a nontoxic dose of antibiotic 
should be added to the infusion fluid to maintain a constant 
concentration of antibiotic during and after vitrectomy.” 
These concentrations are considerably lower (a maximum of 8 
pg/mL for gentamicin and 9 pg/mL for clindamycin) than 
those used for treatment of endophthalmitis in nonvitrecto- 
mized eyes (200 to 400 pg for gentamicin and 1 mg for 
clindamycin). 

The authors’ data presented in their Table 1 illustrate this 
point of view clearly. Of the 66 cases in which toxicity was 
observed, all eyes were injected with gentamicin concentra- 
tions of 100 ug or more after vitrectomy had been performed. 
In the second category of gentamicin toxicity in nonvitrecto- 
mized eyes (Table 1), only six (22%) of 27 eyes injected with 
concentrations of 400 yg or less showed any toxicity. The 
remaining 21 (78%) of 27 eyes were injected with higher 
(toxic) concentrations. The same conclusion can also be drawn 
from their Table 2, describing toxicity of amikacin and 
tobramycin. 

During the last 13 years in which I have administered 
antibiotics as an additive to the infusion fluid during vitrec- 
tomy, I have not encountered a single case of antibiotic toxic- 
ity to the retina. This regimen combined with systemic anti- 
biotic administration has been sufficient to treat endophthal- 
mitis in most cases. 

I hope that this letter discourages the practice of intravi- 
treal injection of antibiotic after vitrectomy. 

GuHoLaM A. PEyMAN, MD 
New Orleans, La 


1. Campochiaro PA, Conway BP. Aminoglycoside toxicity—a survey of 
retinal specialists: implications for ocular use. Arch Ophthalmol. 1991;109:946- 
950. 

2. Stainer GA, Peyman GA, Meisels HS, Fishman G. Toxicity of selected 
antibiotics in vitreous replacement fluid. Ann Ophthalmol. 1977;9:615-618. 

3. Cazeau T, Mason Gl, Peyman GA. Effects of vitrectomy infusion solutions 
containing oxacillin, methicillin, or lincomycin. Ann Ophthalmol. 1979;11:1247- 
1251. 

4. Morgan BS, Larson B, Peyman GA, West CS. Toxicity of antibiotic 
combinations for vitrectomy infusion fluid. Ophthalmic Surg. 1979;10:74-77. 

5. Peyman GA, Schulman JA. Intravitreal Surgery: Principles and Prac- 
tice. East Norwalk, Conn: Appleton & Lange; 1986:436. 


In Reply.—We thank Dr Peyman for his interest in our 
article. Although his suggestion (that aminoglycoside toxicity 
is more widespread than previously recognized because of the 
practice of injecting antibiotics into vitrectomized eyes) is a 
possibility that deserves consideration, it is not self-evident 
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as he suggests and ignores some important facts. 

Dr Peyman’s comments ignore a very important aspect of 
our article: the reported toxicity is peculiar to aminoglyco- 
sides. Since we first noted the occurrence of macular infarc- 
tion after injection of aminoglycosides,' we have looked care- 
fully for evidence of toxicity after injection of other antibiotics 
and have been unable to find any after intravitreous injection 
of 1 mg of vancomycin, 0.5 mg of clindamycin, or 2.25 mg of 
cephazolin in vitrectomized eyes. It is not warranted to rec- 
ommend against injection of all types of antibiotics in vitrecto- 
mized eyes because of toxicity that is associated with one class 
of antibiotics. 

We do not agree that intravitreous injection of aminoglyco- 
sides is safe in eyes that have not undergone vitrectomy. 
Macular infarction was reported in seven eyes that had not 
undergone vitrectomy and had received 0.4 mg or less of 
gentamicin or amikacin. This is less than the number of cases 
reported for vitrectomized eyes, but it is likely that many 
respondents perform vitrectomy in most of their endophthal- 
mitis cases. Regardless, these seven cases should provide a 
warning that aminoglycoside toxicity can occur in eyes that do 
not undergo vitrectomy. 

The only study, to our knowledge, that has directly com- 
pared toxicity in vitrectomized and nonvitrectomized eyes did 
not find that injection of aminoglycosides is more toxic in 
vitrectomized eyes.” This study was done in rabbits, and it is 
not clear that it is applicable to primates, but it provides the 
only data available and at least suggests that the issue is not as 
clear-cut as Dr Peyman suggests. 

Dr Peyman recommends the addition of antibiotics to infu- 
sion fluid as an alternative to intravitreous injection after 
vitrectomy. This suggestion does not adhere to basic tenets of 
antimicrobial therapy. Effective antibiotic therapy requires 
exposure of bacteria to concentrations above the minimal 
inhibitory concentration for a prolonged period. Dr Peyman’s 
technique would allow for only a brief exposure above the 
minimal inhibitory concentration. Possibly due to this theo- 
retical concern, only two (1%) of 184 respondents who pro- 
vided information concerning their antibiotic regimen admin- 
ister antibiotics by adding them to infusion fluid. Even so, 
macular infarction was reported after vitrectomy in a “mild 
trauma” case in which gentamicin was added to the infusion, 
and, therefore, this approach does not preclude toxicity. 

Dr Peyman should be commended for his pioneering work 
in the treatment of endophthalmitis and his concerns about 
injection of aminoglycosides in vitrectomized eyes should be 
noted. This, however, should not lead to complacency in 
treating eyes that have not undergone vitrectomy, for caution 
should be exercised in all settings when periocular or intra- 
ocular aminoglycosides are used. 


Peter A. CAMPOCHIARO, MD 
Baltimore, Md 


BRIAN P. Conway, MD 
Charlottesville, Va 
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Short-term Use of Carbonic Anhydrase Inhibitors and 
Hematologic Side Effects 


To the Editor.—Currently, the question most commonly 
asked of the National Registry of Drug-Induced Ocular Side 
Effects (Casey Eye Institute, Oregon Health Sciences Uni- 
versity, Portland), is “Can short-term use of carbonic anhy- 
drase inhibitors cause hematologic reactions?” This increased 
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interest is, for the most part, brought on by the recent study 
suggesting a strong association between carbonic anhydrase 
inhibitors and aplastic anemia.’ The carbonic anhydrase in- 
hibitors acetazolamide (Diamox), methazolamide (Nepta- 
zane), and dichlorphenamide (Daranide) have for decades 
been the mainstays for treating glaucoma that is not con- 
trolled by topical ocular medication. In recent years, there 
has been a substantial increase in use of carbonic anhydrase 
inhibitors, in large part for the control of transient intraocular 
pressure elevation following laser treatment or cataract sur- 
gery. Sulfonamides are among the most commonly reported 
classes of drugs for inducing hematologic disorders.’ Carbonic 
anhydrase inhibitors belong to the sulfonamide family and are 
among the few drugs in this class unbound to serum proteins 
(active form) used for periods longer than 2 weeks.* Since 
ophthalmologists are increasingly using carbonic anhydrase 
inhibitors for much shorter periods, the above question 
arises. 

We reviewed the world literature and the case reports in 
the National Registry of Drug-Induced Ocular Side Effects as 
to the length of carbonic anhydrase inhibitor use prior to the 
onset of a serious hematologic reaction. To date, we have 
reviewed 176 cases of carbonic anhydrase use associated with 
amajor hematopoietic side effect. There have been no reports 
of a hematopoietic abnormality associated with carbonic an- 
hydrase inhibitors if the drug was used for less than 10 days. 
Based on currently available data, it is thus a reasonable 
assumption that the risk of aplastic anemia or other major 
hematopoietic disorders following the short-term use of car- 
bonic anhydrase inhibitors is exceedingly small. However, 
until we know the mechanism of action of these drugs on the 
hematopoietic system, we cannot be totally confident. A re- 
cent report‘ suggests that an immune-mediated toxic process 
was involved in aplastic anemia with platelet autoantibodies 
in a patient after methazolamide therapy.‘ 

The clinician is now in a dilemma as to the long-term use of 
carbonic anhydrase inhibitors in the treatment of selected 
patients with glaucoma. There has been a recent editorial 
attempt to put this risk-benefit ratio in perspective.’ The 
National Registry of Drug-Induced Ocular Side Effects (Ca- 
sey Eye Institute, Oregon Health Sciences University, 3375 
SW Terwilliger, Portland, OR 97201; [503] 494-5686) is still 
interested in receiving reports of carbonic anhydrase inhibi- 
tor-related hematologic side effects. We are especially inter- 
ested in cases in which patients have recovered. We may help 
find the mechanism of this possibly drug-related event. 

F. T. FRAUNFELDER, MD 
F. W. FRAUNFELDER, MD 
Portland, Ore 


This study was supported in part by an unrestricted grant from Research to 
Prevent Blindness Inc, New York, NY. 

Reprint requests to Casey Eye Institute, Oregon Health Sciences Universi- 
ty, 3375 SW Terwilliger, Portland, OR 97201 (Dr F. T. Fraunfelder). 
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Relative Afferent Pupillary Defect With 
Normal Visual Function 


To the Editor.—We are fascinated by the material presented 
in the case report by Forman et al.’ They described a patient 
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with both Parinaud’s syndrome and a large relative afferent 
pupillary defect (RAPD), with no other evidence of abnormal 
anterior visual pathways. This was likened to a case previous- 
ly described by Ellis.” We believe this case demonstrates not a 
midbrain afferent pupillary defect, but rather a type of con- 
traction anisocoria (which develops with light stimulation) not 
previously described. 

In the swinging flashlight test, the direct reflex of one eye is 
observed and, after a rapid movement of the light source to 
the other eye, the light reaction in the second eye is noted. 
The second eye has consensually constricted, and any reac- 
tion is due to a difference between its direct response and its 
consensual response (during stimulation of the first eye). 
Relative afferent pupillary defect, then, appears to be opera- 
tionally defined as a difference between a pupil’s direct re- 
sponse and its own consensual response, observed as dilation 
of the involved pupil and constriction of its counterpart. How- 
ever, the same pattern is also seen in contraction anisocoria. 
These conditions are easily distinguished by pupillography, 
as demonstrated in the cases described by Ellis and Forman 
etal. 

Compare the swinging flashlight tests using measurements 
made directly from the pupillographic tracings published by 
the authors. In the case presented by Ellis, both pupils 
contract approximately 2 mm with stimulation to the right 
eye (1.88 mm OD and 2.14 mm OS), and both pupils dilate 
(contract to a lesser degree) by about 1 mm with light to the 
left eye (0.94 mm OD and 0.83 mm OS), demonstrating an 
afferent defect on the left. In contrast, the left pupil in the 
study by Forman et al constricts equally to stimulation of 
either eye. At first glance, it is surprising that this might be 
taken for an RAPD. After examination of the pupillogram, it 
is apparent that the pattern of pupillary responses mimics an 
afferent pupillary defect. Light in the left eye results in a 
0.35-mm contraction, and when the light is swung to the right, 
a small contraction occurs as the right pupil increases its 
response from 0.27 mm (its consensual response) to 0.45 mm 
of constriction. When the light is moved back to the left, the 
direct response of the left eye is essentially the same as its 
consensual response (0.35 mm), resulting in no change. On 
moving the light back to the right, constriction is again ob- 
served because the right pupil had dilated during its consen- 
sual reaction. 

It is predictable that a large neutral density filter would be 
required to offset even a small contraction anisocoria because 
the basic imbalance between direct and consensual reflexes 
will never be relieved by this maneuver as it is in RAPD. To 
reverse the afferent pupillary defect in the case report by 
Forman et al, a neutral density filter of 1.8 log units was 
required. The necessity for such a large neutral density filter 
to neutralize a small defect is a red flag, signaling that the 
light reflexes may not reflect an afferent defect. This supports 
the hypothesis that the case report by Forman et al repre- 
sents a direct-consensual dissociation in the right eye, not 
primarily an afferent defect in the left. 

Lowenstein’ stated that “Alternating contraction aniso- 
coria is a fleeting phenomenon, usually of small extent. It 
generally escapes ordinary observation and can be revealed 
with certainty only with the aid of pupillographic records.” An 
examination of consensual (as well as direct) reflexes is neces- 
sary in order that contraction anisocorias are not overlooked. 
We thank Forman et al for shedding light on the complexity of 
light reflex abnormalities in midbrain lesions. 


Stuart E. Sinorr, MD 
MICHAEL ROSENBERG, MD 
Washington, DC 
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2. Ellis CJK. Afferent pupillary defect in pineal region tumor. J Neurol 
Neurosurg Psychiatry. 1984;46:739-741. 

3. Lowenstein O. Alternating contraction anisocoria: a pupillary syndrome 
of the anterior midbrain. Arch Neurol Psychiatry. 1954;72:742-757. 


In Reply.—We thank Drs Sinoff and Rosenberg for their 
interest in our case report and the opportunity for further 
clarification of our findings and their significance. Before 
editorial changes were made, our original manuscript submit- 
ted to the ARCHIVES included the following statement: “The 
amplitude of the RAPD in our patient is larger than that 
reported by Johnson and Bell.’ This may have resulted from 
contraction anisocoria.”* If the direct pupillary response is 
greater than the consensual response because of midbrain 
disease. . . , it would require more neutral density filter to 
neutralize the afferent defect.” 

In our study, a swinging flashlight test was carried out 
clinically with our patient requiring a neutral density filter of 
1.8 log units to reverse the apparent relative afferent defect. 
Infrared pupillography, however, was carried out, not by the 
“swinging flashlight” technique, as Drs Sinoff and Rosenberg 
not unreasonably presumed, but by stimulating each pupil 
with a series of light flashes in separate runs, with total 
darkness between stimuli. The data generated represent the 
computer-averaged responses. Careful examination of the 
data discloses the presence of both bilateral asymmetric alter- 
nating contraction anisocoria and a left RAPD. This is partic- 
ularly evident if one compares the amplitude of pupil respons- 
es in our Fig 1 (curves 1 through 4 are numbered from the top 
down) as follows: in comparing curve 2 with curve 4 and curve 
i with curve 3, the direct response to light in either eye is 
indeed greater than the consensual response to light in the 
same eye, respectively, indicating alternating asymmetric 
contraction anisocoria (ie, more marked in the former). One 
can also see that the direct response of the right pupil to light 
in the right eye (curve 2) is greater than the direct response of 
the left pupil to light in the left eye (curve 3), and, in fact, it can 
be seen that the left pupil reacted slightly better when the 
light stimulus was applied to the right eye (curve 4) than when 
the left eye was directly stimulated (curve 3), both indicating 
the presence of a relative afferent pupillary defect. 


Scorr Forman, MD 

My es M. BEHRENS, MD 
JEFFREY G. ODEL, MD 
Rosert T. Spector, MD 
SADEK HILAL, MD, PHD 
Valhalla, NY 


Note: The unit of time in Fig 1 of our case report should be 0.01 second rather 
than 0.1 second. 
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Sinus Histiocytosis Involving the Lacrimal Sac and Duct 


To the Editor.—In a recent issue of the ARCHIVES, Dolman et 
al’ described a 17-year-old girl with unilateral epiphora sec- 
ondary to sinus histiocytosis involving the lacrimal drainage 
system. The authors stated that their case, to the best of their 
knowledge, was the first example of lacrimal sac and nasola- 
crimal duct infiltration by this rare disorder. 

Two previous reports also should be considered. In 1988, 
Karcioglu et al’ described a 15-year-old boy with sinus histio- 
cytosis who had chronic dacryocystitis and distension of both 
lacrimal sacs. Involvement of the nasolacrimal drainage sys- 
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tem was cited as the underlying reason for the obstruction. In 
a seminal report published in 1979 describing the ophthalmic 
manifestions of sinus histiocytosis in 13 patients, Foucar et al’ 
mentioned “increased lacrimation” as a symptom; additional 
details about lacrimal examinations, however, were not 
included. 

Although the report by Dolman and coworkers’ is a valu- 
able contribution to the literature on acquired lacrimal ob- 
struction because of its excellent roentgenographic and 
pathologic documentation of nasolacrimal involvement by si- 
nus histiocytosis, it may not be the original published account 
of this association. 


GEORGE B. BARTLEY, MD 
Rochester, Minn 
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In Reply.—We appreciate Dr Bartley’s comments concerning 
our report’ of a 17-year-old girl with massive enlargement of 
the lacrimal collecting system demonstrated with magnetic 
resonance images. Examination of biopsy specimens revealed 
sinus histiocytosis intrinsic to the lacrimal sac and nasolacri- 
mal duct in a patient whose disease was limited to these 
structures and the upper respiratory tract. Dr Bartley cites 
two other articles in which epiphora is mentioned as a symp- 
tom inpatients with ophthalmic or orbital involvement by this 
disease.** While we are aware of these reports, and cited the 
former in our article for other reasons, we do not believe that 
their authors posited direct infiltration of the lacrimal drain- 
age systems by sinus histiocytosis as an explanation for the 
epiphora. Clearly, neither report included the evidence that 
would support such a proposal. 

In the study by Foucar et al,” sinus histiocytosis involved 
the orbit alone in six patients, the eyelid alone in one patient, 
both the orbit and eyelid in five patients, and the uveal tract 
alone in one patient. The associated symptoms and signs 
included exophthalmos (in two patients, sufficiently severe to 
prevent eyelid closure), diplopia, conjunctival injection, ocu- 
lar irritation, and increased lacrimation. No additional infor- 
mation was provided about functional testing, imaging, or 
histopathologic sampling of the lacrimal excretory systems. 
While disease intrinsic to the lacrimal sacs or ducts may have 
been present, “increased lacrimation” certainly could have 
resulted from exposure irritation of the proptotic globes. 

Karcioglu et al’ described a 15-year-old boy with nodules on 
the medial bulbar conjunctiva and eyelid, separate from the 
lacrimal drainage apparatus, that were caused by sinus histio- 
cytosis. The patient also had bilateral chronic dacryocystitis 
that resolved with silicone intubation and administration of 
antibiotics. While the lacrimal sacs were distended in a man- 
ner typical of chronic dacryocystitis, the computed tomo- 
graphic findings did not include enlargement or infiltration of 
the nasolacrimal ducts. Biopsies of the lacrimal drainage ap- 
paratus were not performed. The authors concluded that the 
dacryocystitis was secondary to sinus histiocytosis in the 
nasal mucosa surrounding the nasolacrimal duct ostia. 

The nasal mucosa is a frequent extranodal site of this 
disease, with 7% of all patients with sinus histiocytosis and 
38% of patients with ophthalmic involvement by sinus histio- 
cytosis being so affected.” Because the lining of the nasolacri- 
mal duct and lacrimal sac is contiguous with the nasal mucosa, 
direct infiltration of these structures might be anticipated in 
some cases. We suspect that other patients have probably had 
such involvement, but our literature review did not reveal 
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earlier cases in which sinus histiocytosis intrinsic to the lacri- 
mal sac was either proposed or documented by clinical, imag- 
ing, or histopathologic evidence. 


PETER J. DoLMAN, MD 
GERALD J. Harris, MD 
Milwaukee, Wis 


Louis H. WEILAND, MD 
Scottsdale, Ariz 
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Suction Elevation of Epiretinal Membranes 


To the Editor.—The surgical treatment of patients with mac- 
ular pucker from epiretinal membrane formation has become 
increasingly common with the advent of new vitreoretinal 
techniques. Typically, after vitrectomy is performed, an edge 
of the epiretinal tissue is elevated with a bent needle or 
membrane pick, enabling the membrane to be grasped and 
removed with forceps. It is often difficult to identify an acces- 
sible membrane edge, particularly in patients with idiopathic 
epiretinal membranes, and intraoperative complications, 
such as bleeding and/or creation of retinal tears, can occur. 
We recently used an alternative technique to facilitate the 
elevation and removal of epiretinal tissue in our patients with 
idiopathic epiretinal membranes. 


Surgical Technique.—A standard three-port vitrectomy setup is 
used. Deep vitrectomy is performed, with the complete removal of all 
formed vitreous over the posterior pole. A 20-gauge soft-tipped 
extrusion cannula (Model 149.52, Grieshaber, Schaffhausen, Switzer- 
land) is introduced just over the surface of the epiretinal tissue at a 
site away from the fovea, and progressive suction is applied. We have 


Epiretinal membrane is engaged and elevated with the soft tip of the 
extrusion needle. The membrane is initially engaged from above 
(anterior surface). Once an edge is created, the soft tip can be applied 
in different positions and the membrane peeled in the direction of the 
arrow. 
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generally found an upper limit of 250 mm Hg to be sufficient. If the 
membrane does not quickly engage into the suction port, another area 
in which the membrane appears to be thickened should be tried. 
Alternatively, a gentle back-and-forth stroking motion at high suc- 
tion will often cause the membrane to engage. Care should be taken to 
avoid direct contact of the retinal surface with the suction tip. Once 
elevated, the membrane can be progressively stripped from the 
retinal surface using gentle suction at the advancing edge of epi- 
retinal tissue detachment (Figure). At this point, intraocular forceps 
can be introduced to facilitate complete removal of the membrane. 


Comment.—Indirect suction to elevate idiopathic epi- 
retinal membranes has proven to be a useful addition to our 
surgical approach in these patients. The advantages of this 
technique include relative ease in beginning membrane de- 
lamination and a lack of direct retinal contact, thereby mini- 
mizing the risk of iatrogenic retinal tear. To date, we have not 
encountered any intraoperative complications from this tech- 
nique. 

Should the epiretinal tissue be tightly adherent to the 
retina in a focal area, sharp dissection should be used to 
prevent the development of a retinal tear. This indirect suc- 
tion technique has also been used to detach tightly adherent 
posterior hyaloid in a variety of surgical conditions.’ In addi- 
tion, other authors have recently described the use of a soft- 
tipped extrusion cannula to engage posterior cortical vitre- 
ous.** We believe that the use of a soft-tipped extrusion 
cannula gives the surgeon an added margin of safety in these 
delicate and potentially complicated procedures. 

Bruce R. GARRETSON, MD 
SERGE DE Bustros, MD 
Kirk H. Packo, MD 
Chicago, Ill 
Reprint requests to the Irwin Retina Center, Ingalls Memorial Hospital, 71 
W 156th St, Suite 400, Harvey, IL 60426 (Dr Garretson). 
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Treatment of Endophthalmitis 


To the Editor. —I read with interest the report by Pfeifer et al’ 
in the December 1991 issue regarding endogenous Pseu- 
dallescheria boydii endophthalmitis. Has an error been made 
in the doses for intraocular antibiotics in the case reports? 
Doses of 5 mg of intravitreal amphotericin and 750 mg of 
vancomycin are mentioned in the first case; 750 mg of vanco- 
mycin is also described as an intravitreal dose in the second 
case. These doses are substantially larger than those consid- 
ered safe by most retinologists treating endophthalmitis by 
intravitreal injection. 

EDWARD B. FEINBERG, MD 

Chattanooga, Tenn 


1. Pfeifer JD, Grand MG, Thomas MA, Berger AR, Lucarelli MJ, Smith 
ME. Endogenous Pseudallescheria boydii endophthalmitis: clinicopathologic 
findings in two cases. Arch Ophthalmol. 1991;109:1714-1717. 


In Reply.—The correct dosages of the intraocular antibiotics 
employed are, in fact, 5 yg of amphotericin B and 750 pg of 
vancomycin. We regret any inconvenience caused by the 
typographical errors. 
JOHN D. PFEIFER, MD, PHD 
M. GILBERT GRAND, MD 
MATTHEW A, THomas, MD 
ALAN R. BERGER, MD 
Mark J. LUCARELLI, MD 
Morton E. Smitu, MD 
St Louis, Mo 
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- Advanced Phaco Surgeons 





When A Millimeter Seems Like A Mile... 

When you moved to advanced phaco, you also 
moved your incision posterior to the limbus. While 
the advantages of a self-sealing incision are clear, your 
pathway through the scleral tunnel can make demands 
on the lens you choose. In short, for each millimeter 
of movement the haptic must flex three different 
directions. 


With A Three-Piece PMMA, It’s In The Bag. 

With an IOLAB SLIMFIT™ three-piece PMMA 
lens, you move through the incision site and down this 
narrow, angled pathway with a flexible lens designed 
to cope with the demands of small incision surgery. 


EeXIDIC. 


Once you pass through the posterior limbal 
incision and traverse the scleral tunnel, count on 
three-piece PMMA construction to provide all the 
flexibility you need for implantation through capsu- 
lorhexis and into the bag. 


Flexible haptics move every way you do. 


See for yourself. Our extensive line of three-piece 


PMMA IOLs bend to the demands of even the 





Prior to use, please refer to the product information package insert for 
indications, 


cautions, warnings and precautions. 


CAUTION: Federal Law restricts this device to sale by 
or on the order of a physician. 


Contact your local IOLAB representative or call us at 800-423-1871, Ext. 1848 
(In California 800-352-1891) for additional information. 


' Pending pre-market approval. 


toughest surgeon. 
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Case Reports 








Resolution of Choroidal Metastasis 
in Breast Cancer With 
High Estrogen Receptors 





Metastatic carcinoma is known to be 
the most common intraocular malig- 
nant tumor, and primary breast carci- 
noma is the tumor most frequently 
responsible for choroidal metastases.’ 
Metastatic tumor shrinkage in re- 


sponse to chemotherapy alone has 
been only occasionally reported. Con- 
sequently, radiotherapy is usually the 
first-line treatment for choroidal me- 
tastases. We used chemotherapy to 
treat a woman with breast cancer and 
a high estrogen-receptor titer who pre- 
sented with decreased visual acuity 
secondary to a choroidal metastasis. 
The result was complete resolution of 
the lesion. 


Report of a Case.—A 52-year-old post- 
menopausal black woman with a history of 
metastatic left breast cancer to bone and 
lung was seen in consultation for decreased 
visual acuity in the right eye. Two and one 
half years before consultation she had been 
diagnosed with left infiltrative ductal breast 
cancer and had undergone a left modified 
radical mastectomy. Her laboratory results 
revealed the following: high estrogen recep- 
tor titers (500 fmol/mg), no progesterone 
receptors, and eight axillary lymph nodes 


Fig 1.—Fundus photograph of the choroidal mass in the right eye before treatment (left) and after treatment (right). 
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that were negative for malignancy. 

One and one half years before consulta- 
tion, the patient had undergone a right 
subcutaneous mastectomy for fibrocystic 
disease with suspicious malignant changes. 
Six months prior to consultation, a recur- 
rent malignant mass on the chest wall had 
been discovered, along with metastasis to 
the ribs and vertebrae. Just prior to consul- 
tation she began a course of chemotherapy 
consisting of cyclophosphamide (Cytoxan), 
methotrexate, and fluorouracil that was 
changed to cyclophosphamide, doxorubicin 
hydrochloride (Adriamycin), and fluoroura- 
cil plus tamoxifen after a second malignant 
chest-wall recurrent tumor was discovered. 

Physical examination on admission to the 
hospital showed normal results except for 
scars consistent with a left modified radical 
mastectomy, a right subcutaneous mastec- 
tomy, and several biopsies. The patient’s 
visual acuity was 20/200 OD and 20/25 OS. 
Her ocular disease was confined to the 
posterior pole of the right eye, which 
showed the presence of a large choroidal 
mass beginning in the macula and extending 
temporally. It had a solid appearance with 
overlying serous retinal elevation (Fig 1, 
left). A fluorescein angiogram of the right 
eye showed focal areas of fluorescein collec- 
tion that enlarged during early views (Fig 
2, left). On late views, there was patchy 
leakage in an apparent pigment epithelium 
detachment at the dome of the lesion (Fig 2, 
right). This picture was consistent with a 
diagnosis of metastasis from breast cancer. 
A computed tomographic sean of the right 
orbit revealed irregular thickening of the 
posterior and posterolateral segments of 
the choroid of the right globe consistent 
with a choroidal metastasis. 

Five months later, after the fifth cycle of 
chemotherapy with cyclophosphamide, dox- 
orubicin hydrochloride, fluorouracil, and ta- 
moxifen, the patient had no detectable me- 
tastasis in her chest wall. She .noted 
improvement in her visual acuity to 20/25 
OD; her fundus examination showed com- 
plete resolution of the choroidal metastasis 
(Fig 1, right) and her orbital computed 
tomographic scan revealed that the previ- 
ously described irregular thickening of the 
posterior and posterolateral region of the 
choroid of the right globe had resolved. 

Eight months later, after the eighth cycle 
of chemotherapy, the patient was in com- 
plete remission. No further fundus exami- 
nations were performed, but repeated com- 
puted tomographic scans of the orbits 
showed no recurrence of the choroidal me- 
tastasis and her visual acuity remained at 
20/25 OU. Unfortunately, salvage chemo- 
therapeutic regimens following a relapse 
were unsuccessful and she died 36 months 
after consultation. 


Comment.—Since the choroid is 
highly vascular, chemotherapy should 
have easy access to choroidal metasta- 
sis. Despite this, the standard therapy 
for carcinoma metastatic to the choroid 
has usually been irradiation. Previous 
studies have occasionally noted favor- 
able responses to chemotherapy.” Pa- 
tients with high titers of estrogen re- 
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ceptors and choroidal metastasis seem 
to be good candidates for chemothera- 
py as a first line of treatment since 
patients with breast cancer and high 
titers of hormone receptors generally 
tend to respond better to chemothera- 
py. Further studies using chemo- 
therapy under such conditions are 
indicated. 


SANJAY LOGANI, MD, MM 
Los Angeles, Calif 


HECTOR GOMEZ, MD 
LEE M. JAMPOL, MD 
Chicago, Ill 
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Lithium-Induced Orbitopathy 





Lithium carbonate has been used to 
treat manic-depressive illnesses since 
1949. Its use is limited by many side 
effects.'” Exophthalmos has been re- 
ported with long-term lithium therapy 
and a proportion of these patients went 
on to develop clinical hypothyroidism.’ 


However, patients generally have few 
or no ocular complaints due to the 
drug. We describe an unusual case of a 
patient presenting with persistent che- 
mosis and ultrasonographic evidence of 
enlargement of the extraocular mus- 
cles. Possible mechanisms associating 
extraocular muscle enlargement with 
lithium therapy are discussed. 


Report of a Case.—A 76-year-old woman 
presented with a 2-month history of in- 
creasingly gritty eyes. There was no signifi- 
cant ophthalmic or other medical history, 
except that she had been treated with lithi- 
um carbonate for manic depression during 
the previous 22 years. On examination, 
visual acuity was unimpaired. Conjunctival 
chemosis was present, more markedly on 
the left. Hertel exophthalmometry mea- 
sured 19-mm right and left orbits on three 
occasions and ocular movements were full 
on all occasions. There was no lid lag or 
retraction suggestive of Graves’ ophthalmo- 
pathy. The findings on funduscopy were 
unremarkable. 

Serial ultrasonography of the orbits using 
standardized A and B modes demonstrated 
a nonprogressive uniform enlargement of 
the extraocular muscles (Figure). Swelling 
was maximal at the muscle belly and the 
reflectivity of the muscles on standardized 
A-seans was within normal limits (ie, medi- 
um to medium high and symmetrical be- 
tween both orbits). The results of computed 
tomography of the orbital apex and cavern- 
ous sinus were normal. A complete blood 
cell count and results of biochemistry analy- 
sis and protein electrophoresis were nor- 
mal. Plasma lithium levels 12 hours after 
administration of the drug were all within 
the normal reference range (0.5 to 
1.00 mmol/L). The thyroxine level was 


Standardized A- and B-scan echography of the left medial rectus before (top and bottom left 
scans) and after (top and bottom right scans) lithium therapy, demonstrating a reduction in 
diameter (5.2 to 3.7 mm). Arrows (B-scans) indicate the muscle belly; and asterisks (A-scans), 
echographic spikes of the muscle septum. 
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Echographic Diagnoses of Enlarged Extraocular Muscles 


Muscle Echographic 





Other Echographic 
Findings 













Graves’ disease 


reflectivity 
Orbital myositis 


Orbital venous 
congestion 


Neoplastic dis- 
ease 
sive 


within normal range; thyroid-stimulating 
hormone was raised to 6.05 mU/L, indicat- 
ing biochemical hypothyroidism. Test re- 
sults for thyroglobulin and thyroid micro- 
somal autoantibodies were negative. 

A biopsy specimen of the chemotic con- 
junctiva obtained 2 weeks before cessation 
of lithium therapy showed chronic inflam- 
matory cells. Immunocytochemical staining 
revealed equal numbers of T and B cells 
with no evidence of monoclonality. 

Repeated ultrasonography 8 weeks after 
cessation of lithium therapy showed a de- 
crease in diameter in all four rectus muscles 
(the cumulative diameter of four recti of 
20.6 mm to 16.9 mm after cessation of 
lithium treatment), with normalization of 
the thyroid-stimulating hormone level 
(8.2 mU/L). Hertel exophthalmometry 
readings remained unchanged and chemosis 
was much less pronounced. 


Comment.—Patients treated with 
lithium for more than 6 years have a 
greater incidence of biochemical and 
clinical thyroid dysfunction,’ but, to 
our knowledge, there have been no 
reports of muscle enlargement pre- 
senting with chronic chemosis. 

Ultrasonography assisted in the ex- 
clusion of other common causes of en- 
larged extraocular muscles (Table). 
Muscle enlargement in our patient was 
uniform and nonprogressive on serial 
examinations and reversible after ces- 
sation of treatment. The reflectivity of 
muscle fibers on standardized A-scan 
was normal, thereby excluding orbital 
myositis. Orbital venous congestion 
produces uniform muscle swelling with 
no change in reflectivity, but other 
signs, such as enlarged orbital veins, 
were not present in our patient. 

The effect of lithium on the thyroid 
gland is mediated through inhibition of 
adenosine  3':5'-cyclic phosphate 
(cAMP) and, thus, the subsequent re- 
lease of thyroid hormones and a conse- 
quential rise in thyroid-stimulating 
hormone. Lithium is also implicated in 
promoting autoimmune thyroiditis, 
with an increase in thyroid autoanti- 
bodies,” although this was not detected 
in this case. The clinical significance 
and cause of extraocular muscle en- 
largement and chemosis with lithium 
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Multiple muscles; varies with 
time; bilateral; late increase in 


Single muscle; enlarged inser- 
tion; reduced reflectivity 

All muscles; normal insertion; 
normal reflectivity; unilateral 


Single muscle; irregular swelling; 
irregular reflectivity; progres- sion 





Periosteal thickening; prominent 
orbital fat; optic nerve thicken- 
ing; lacrimal gland swelling 

Posterior scleritis; pseudotumor; 
T-sign 

Enlarged orbital vein; distended 
optic nerve; abnormal Doppler 
ultrasonographic findings 

Adjacent tumor mass; bony ero- 














therapy remain uncertain. Lithium 
may act as a cross-reactive hapten for 
thyroid autoantigen, promoting auto- 
immunity and, thus, secondary inflam- 
mation of the orbital tissues similar to 
the clinical picture of Graves ophthal- 
mopathy, but reversible on cessation 
of the drug. Lithium-induced extraocu- 
lar muscle swelling may not readily be 
recognized and is perhaps more com- 
mon than expected. Although patients 
may be asymptomatic, subclinical or- 
bital disease, akin to Graves’ disease, 
may be detected only on orbital 
echography. 


ANDREW D. Dick, MRCP, FRCS 
HATEM ATTA, FRCS 

JOHN V. FORRESTER, MD 
Aberdeen, Scotland 
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Spontaneous Retinal Reattachment in 
Stage 5 Retinopathy of Prematurity 





Despite the recently demonstrated ef- 
ficacy of cryotherapy in retinopathy of 
prematurity (ROP), a number of these 
eyes still progress to retinal detach- 
ment. The prognosis for retinal reat- 
tachment is guarded at best.'* Sponta- 
neous retinal reattachment has been 
described in peripheral detachments 
(stage 4A),* but no report exists, to our 
knowledge, describing total spontane- 
ous reattachment in stage 5 ROP. Ina 
recent study, six eyes within a larger 
series of unoperated eyes with stage 5 
ROP developed some degree of sponta- 
neous reattachment.” No details of the 
retinal configuration were provided, 
however, and none of the eyes was 
reported to have retained any level of 














Fig 1.—Vertical axial scan (top) and drawing 
(bottom) demonstrating a narrow posterior 
funnel, open anterior funnel, and peripheral 
retinal trough. 


visual acuity. We recently observed a 
patient with stage 5 ROP who devel- 
oped total spontaneous reattachment 
with preservation of some visual 
acuity. 


Report of a Case.—Our patient was a 
539-g black boy born at an estimated gesta- 
tional age (EGA) of 24 weeks. He was 
intubated at birth, extubated at 33 weeks 
EGA, and weaned to room air at 37 weeks 
EGA. Ophthalmic examination at 38 weeks 
EGA revealed bilateral midzone 2, early 
stage 3 ROP that progressed to stage 3+ 
with 360° of neovascularization during the 
following 2 weeks. The patient subsequent- 
ly underwent bilateral peripheral retinal 
cryotherapy. Three weeks later, peripheral 
retinal detachment was noted in both eyes, 
which subsequently progressed to bilateral 
stage 5 ROP. Examination using anesthesia 
confirmed bilateral stage 5 ROP with what 
appeared to be a traction detachment com- 
bined with a macular hole in the right eye. 
A narrow posterior funnel and open anteri- 
or funnel with a 360° peripheral retinal 
trough were also present in the right eye 
(Fig 1). 

A closed posterior funnel with an open 
anterior funnel was present in the left eye. 
Due to the presumed rhegmatogenous com- 
ponent to the detachment in the right eye, 
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Fig 2.—Vertical axial scan demonstrating 
complete retinal attachment and slight resid- 
ual traction in the periphery. 


the left eye was thought to have the best 
visual prognosis and underwent  vitrec- 
tomy, membrane peeling, and lensectomy. 
The retinal configuration improved after 
surgery, although the retina has remained 
shallowly detached. The patient returned 6 
months later with the mother noting im- 
proved visual acuity in the right (unoperat- 
ed) eye. Visual acuity testing revealed 
spontaneous tracking of a bottle with a red 
top from right to left in the right eye and 
light perception in the left eye. Examina- 
tion of the right eye revealed a fully at- 
tached retina with dragging of the macula 
temporally and slight dragging of the retina 
over the optic dise (Fig 2). There was no 
evidence of a macular hole. 


Comment.—Two pathologic forces 
leading to detachment in ROP are de- 
scribed in the literature: traction and 
exudation. When a detachment is 
purely exudative, the retinal surface is 
smooth and spontaneous reattachment 
has been reported to have occurred.” 
In the overwhelming majority of cases, 
however, the predominant force is 
preretinal traction from fibrovascular 
proliferation into the vitreous that re- 
sults in a folded, irregular surface. As 
the inactive phase of the disease is 
entered, the proliferative tissue may 
have exerted less traction, allowing for 
partial expansion of the funnel and 
ultimately resulting in retinal reat- 
tachment. What was thought to have 
been a macular hole in our patient was 
probably an area of extremely thin but 
intact retina. 

The preservation of and apparent 
improvement in visual acuity following 
spontaneous retinal reattachment have 
not previously been reported, to our 
knowledge. Given the poor visual re- 
sults following surgery for stage 5 
ROP" and the apparently favorable 
outcome in our patient without sur- 
gery, it is clear that better identifica- 
tion of potentially favorable preoper- 
ative prognostic variables and a 
greater understanding of the forces 
involved in the mechanism of detach- 
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ment are needed to design more effec- 
tive treatment strategies for the final 
stages of ROP. 
DANIEL F. MARTIN, MD 
EUGENE DE JUAN, JR, MD 
Durham, NC 
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Posterior Subcapsular Cataract 
Associated With Indapamide Therapy 





On the advice of the National Registry 
of Drug-Induced Ocular Side Effects, 
we report a case of bilateral posterior 
subcapsular cataracts arising in associ- 
ation with oral use of indapamide (Lo- 
zol). This drug is the first of a new 
class of oral antihypertensive/diure- 
tics, the indolines. 


Report of a Case.—The patient was a 39- 
year-old nondiabetic white man of average 
build with a 10-year history of labile sys- 
temic hypertension poorly controlled with 
standard combined oral antihypertensive 
therapy. Family history was strong for 
cardiovascular disease, but negative for any 
ophthalmic disorders. 

In April 1987, oral therapy with the 
antihypertensive/diuretic indapamide (one 
2.5-mg tablet per day) was instituted. The 
patient's physician left his practice so the 
patient did not undergo subsequent exami- 
nations until April 1988. A nonfasting glu- 
cose level of 6.0 mmol/L was obtained. 
Since the patient remained hypertensive, 
the indapamide dosage was increased to 


Retroilluminated view of posterior subcapsu- 
lar cataract arising in a 39-year-old white man 
during oral therapy with the antihypertensive/ 
diuretic indapamide. 





5.0 mg/d. The patient experienced a 25-kg 
weight loss from his baseline 102 kg, begin- 
ning in January 1990. By October 1990 the 
patient had experienced difficulties seeing 
his computer screen at work, with subjec- 
tive reduction of color vision and depth 
perception. During this period he had dia- 
betic-type polyuria. Serum glucose levels 
were persistently elevated, with a maximal 
recorded level of 21.1 mmol/L. The patient 
discontinued indapamide therapy at his 
physicians request, and his weight in- 
creased to 93 kg within 2 months. Cataracts 
were first noted on October 30, 1990, dur- 
ing his first eye examination by an eye 
specialist in 10 years. The visual distur- 
bances worsened, prompting the patient's 
visit to our clinic on March 5, 1991, 5 
months after indapamide treatment was 
discontinued. 

Ophthalmic examination revealed left 
brachial blood pressure of 170/100 mm Hg, 
with best corrected visual acuities of 
20/50 OD and 20/30 OS. Slit-lamp examina- 
tion revealed prominent diffuse posterior 
subcapsular cataracts in both eyes. There 
were no focally dense zones, and both 
lenses appeared symmetrically involved 
(Figure). The lenticular nucleus and cortex 
were crystal clear in both eyes. Indirect 
ophthalmoscopy revealed no evidence of 
retinal vascular disease, with normal discs, 
maculae, and fundal periphery in both eyes. 
One, 3-, and 5-month follow-up examina- 
tions provided no evidence of any progres- 
sion or resolution of the cataracts. The 
patient requested elective cataract extrac- 
tion with intraocular lens implantation in 
the right eye. 


Comment.—Given this clinical situa- 
tion in an otherwise healthy hyperten- 
sive man without history of eye trau- 
ma, steroid use, previous ocular 
inflammatory disease, or a family his- 
tory of cataracts, it appears possible 
that his rapidly evolving cataracts 
were related to his concomitant inda- 
pamide therapy and associated hyper- 
osmolar hyperglycemia. This is the 
first reported case, to our knowledge, 
of indapamide-associated cataract, al- 
though similar instances of diabetic- 
type polyuria, with or without associ- 
ated systemic manifestations, are well 
documented in the Physicians’ Desk 
Reference.’ A possible risk of rapid 
cataractogenesis should thus be con- 
sidered in patients developing hyper- 
glycemia during treatment with the 
indoline class of antihypertensive 
drugs. 

WILLIAM ERIC SPONSEL, MD 
PETER A. RAPOZA, MD 
Madison, Wis 
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Call for Papers 
1993 International Conference on Physician Health 
January 28-31, 1993. Scottsdale, Arizona 


Facing Issues, Seeking Solutions, Advocating Help 

The 1993 International Conference on Physician Health, co-sponsored by the American Medical Association, the Federation of State Medical Boarc 
the Canadian Medical Association, and the Federation of Medical Licensing Authorities of Canada is scheduled for January 28-31, 1993, at the 
Marriott Mountain Shadows Resort in Scottsdale, Arizona. The conference will provide a forum for practitioners and researchers to present recent 
findings and innovative treatment and educational programs in the area of physician health. This conference will address a range of issues relativ 
to physicians, including AIDS, the HIV positive physician, problems related to aging, health promotion among physicians, mental illness, physical 
disability, and substance abuse among physicians. Possible topics for presentation include: incidence of health problems among physicians, the 
presentation of health problems by physicians, their treatment, the impact of disorders on physician's family and practice, medical-legal implica- 
tions of various disorders, and the impact of these disorders on hospital administrations. Abstracts which address issues related to these topics 
(ie. diagnosis, treatment, rehabilitation), but not dealing specifically with physicians are also welcome. 


Three types of presentations regarding these physician health issues are invited: 

e Poster Presentations 

Written presentations of data-based research, epidemiological research, or descriptive papers regarding treatment and educational programs. 
e Paper Sessions 

Oral presentation of scientific, data-based findings relative to topic of physician health. 


e Workshops 
Training or instructional presentations, designed to improve specific skill levels of persons who work in the area of physician health. 


Abstracts for poster presentations and paper sessions should contain an introductory statement on the significance of subject matter. 
Description of methods, results, and conclusions should follow the introductory statement. 


Abstracts for workshops should contain information on the program's intended audience, goals, teaching strategies, and materials, 
Evaluation data should be summarized. 


Abstract may not exceed 200 words. Any abstracts exceeding that length will be rejected. Abstracts should be typed, double spaced, and mailed 
(not faxed). Four copies of the abstract should be sent, along with one self-addressed, stamped envelope. All submissions must list the primary 
and secondary authors and their professional affiliations. Telephone number and address of primary author must also be included. 


Paper and Workshop submissions should indicate any audiovisual equipment that is needed. 
Submissions must be received by June 15, 1992. 


Abstracts will be submitted for blind review. Abstracts will be judged on their applicability to the conference topic area and their scientific merit. 
The decisions of the blind reviewers will be communicated to the abstract's primary author by August 15, 1992. 


All persons who have an abstract accepted for presentation at the conference are expected to register for the conference. We are unable to reduce 
registration fee for presenters, nor are we able to provide any financial support for presenters. All persons who attend the conference will be 
responsible for their own transportation and hotel expenses, as well as making all reservations for same. 


Send all materials to: 
Patrick W. McGuffin, PhD, Department of Mental Health, American Medical Association, 515 North State Street, Chicago, IL 60610. 
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Bush’s Health Reform Plan Unveiled 


Washington, DC.—On February 6, 1992, President Bush 
unveiled his health reform plan, stating that the plan would 
“ensure every American universal access to affordable health 
insurance” by helping those who have no health insurance and 
those who have difficulty paying for health insurance. 

Estimates put the cost of the plan at more than $35 billion 
per year when fully implemented, but President Bush has 
failed to explain exactly how the plan will be funded. His 
initial suggestions of taxing some employee health benefits 
and capping growth in the Medicare and Medicaid programs 
met with strong objections from congressional Republicans 
and those concerned with election-year politics. 

The plan is based on a series of tax credits and deductions 
that include: 

e Tax credits, insurance vouchers, and tax deductions to 
cover health premiums up to $1250 for individuals and $3750 
for families. 

e Health insurance reforms, including eliminating exclu- 
sions for preexisting conditions, requirements for insurers to 
take and renew all groups, and limiting variations in 
premiums. 

e Managed care incentives, including preemption of state 
restrictions and moving all Medicaid patients into managed 
care unless a state gets an exemption. 

è Liability reforms, including incentives for tort reforms 
and alternate resolution of disputes. 

è Increased funding for community health centers, publi- 
cation of guides comparing provider cost and quality, caps on 
per capita Medicaid spending, and a ban on physician self- 
referral (American Medical News. February 24, 1992:1). 

Bush’s health reform plan also provides for tax deductions 
for insurance premium payments for self-employed persons 
to be increased from 25% to 100%. The deduction for the self- 
employed would increase immediately, while the other new 
tax provisions would be phased in over 5 years. 

Those individuals not self-employed with incomes under 
$50 000, couples with incomes less than $65 000, and families 
with incomes less than $80 000 could claim tax credits or tax 
deductions for health insurance costs up to $1250 for an indi- 
vidual, $2500 for couples, and $3750 for families. Future 
increases in the tax credits, deductions, and income limits 
would be tied to general inflation. Anyone who met the in- 
come criteria could take a credit or deduction, but those 
receiving other federal support, such as Medicare and Medic- 
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aid, would have to give up that coverage. 

The plan would also require employers to provide informa- 
tion about health insurance plans and to arrange enrollment in 
group coverage for their workers. It does not require employ- 
ers to contribute to the cost of such health insurance. 

Originally, the President had stated that the plan would be 
financed by a cutback in payments to many hospitals that 
serve large numbers of low-income patients and by reductions 
in selected examples of excessive reimbursement to both 
physicians and hospitals. The President also suggested that 
savings in health care may eventually lead to a reduction in 
Medicare premiums. White House officials said that the plan 
would not arrive at savings by severely reducing Medicare 
payments to physicians and hospitals but would nonetheless 
bring the costs of Medicare under control. The officials 
stressed that the President’s plan would not hurt beneficia- 
ries in any way and that Medicaid and Medicare would contin- 
ue growing, but at a slower rate. 

White House officials also contend that hospitals could 
absorb the cutbacks in their Medicare payments because, 
under the reform plan, more people would have private health 
insurance and would be able to pay their bills, reducing the 
hospitals’ burdens of bad debt and charity care. This state- 
ment brought strong reaction from hospital officials, who say 
that the prospect of slower growth in Medicare payments is 
not desirable when their revenues are often inadequate to 
cover the cost of treating patients. 

Dr Spencer Foreman, president of the Montefiore Medical 
Center in New York, expressed concern that “There is no 
assurance there would be a match between the institutions 
that are cut and the institutions that benefit under the propos- 
als being discussed by Washington officials” (New York 
Times. February 3, 1992:1). Foreman fears that there would 
be a reduction in Medicare payments without an equivalent 
offsetting gain. 

Sara Rosenbaum, a senior fellow at the George Washington 
University Center for Health Policy Research in Washing- 
ton, DC, told the New York Times that “The administration 
would finance health care for poor people who have no health 
insurance by cutting health care for poor people who have 
insurance through Medicaid.” 

White House officials propose that the plan will reduce “an 
unsustainable high rate of growth” in payments to physicians 
and hospitals but would not cut the total amount spent on 
Medicare. They also say that the plan will expand access to 
health care, will be comprehensive, and will pay for itself but 
will not raise taxes. 

JULIE FOREMAN 
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Book Reviews 
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Walsh and Hoyt’s Clinical Neuro-Oph- 
thalmology, 4th ed, vol 4, by Neil R. Miller, 
894 pp with illus, Baltimore, Md, Williams & 
Wilkins, 1991, $150. 


The arrival of a new volume of this 
classic is an exciting event for a neuro- 
ophthalmologist. This time, the topic is 
vascular diseases; not only strokes or- 
dinaire, but also vasculitis, migraine, 
arteriovenous fistulas, and aneurysms. 
These disorders are encountered often 
enough in ophthalmic practice to be of 
interest to all ophthalmologists. 

I decided to “road test” the latest vol- 
ume in my office. We used it as an on- 
line source for information about vascu- 
lar disorders that were encountered in 
the neuro-ophthalmology unit in one 
week. Everything that we required was 
readily available, lavishly illustrated, 
well referenced (including citations 
from the 1990 literature), and clearly 
written. Controversial issues were pre- 
sented with appropriate balance and 
emphasis. We found the long section 
addressing the management of strokes 
and transient ischemic attacks especial- 
ly valuable. 


“ . . anew volume of this classic 
is an exciting event.” 


One cannot complete a fair review 
without reading the whole book, so I 
brought it home for the endurance trial. 
At that point my neurologist-wife hi- 
jacked the book, ostensibly to read 
briefly about cerebellar strokes. She 
found the material so engrossing that I 
did not succeed in regaining possession 
until the next night. Approximately 900 
pages later, all that I had found to com- 
plain about was too trivial to mention. 

Every ophthalmologist (and neurolo- 
gist) should use this book. The sections 
discussing stroke and aneurysm are 
more complete, up-to-date, and read- 
able than any other book devoted to 
these topics, and there simply is no oth- 
er major source describing the neuro- 
ophthalmology of vasculitis. 

SIMMONS LESSELL, MD 
Boston, Mass 


Age-Related Cataract, by Richard W. 
Young, 290 pp, New York, NY, Oxford Univer- 
sity Press Inc, 1991, $55. 


This book is the product of the au- 
thor’s sabbatical year in which he re- 
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viewed 951 references related to the 
physical and biological chemistry of ag- 
ing of the lens. He presents evidence 
that solar UV radiation is the key factor 
in lens senescence and that cataract is 
an extension of the normal aging pro- 
cess. Finally, Young proposes that UV- 
filtering sunglasses worn constantly 
outdoors can retard the rate of lens se- 
nescence and delay the onset of cataract 
by several years. 

The first part of the book delves into 
the physics and chemistry of general 
aging and reviews the principles of oxi- 
dative degradation, which leads to tis- 
sue deterioration. The three main fac- 
tors that trigger these oxidative 
reactions are oxygen, heat, and UV ra- 
diation. The latter is the only one that a 
person can modify in his or her environ- 
ment. Aging, as it applies to the lens, is 
then discussed. The author points out 
that within the lens, only the epithelium 
is capable of antioxidation and protein 
removal. The cortex and the nucleus 
lack this repair ability. 

The chemistry of lens yellowing is 
also presented. This color change is the 
result of tryptophan degradation in lens 
fibers. The degradation products ab- 
sorb light at the blue end of the spec- 
trum, giving the nucleus a yellow ap- 
pearance. There is also the develop- 
ment of molecular aggregation, insolu- 
bilization, and failure of the sodium-po- 
tassium adenosine triphosphatase 
pump. This leads to structural changes 
in the lens fibers, which then absorb and 
scatter more light. Young points out 
that all of these changes occur in the 
normal aging of the lens and that the 
formation of cataract is a simple exten- 
sion of this process of senescence. 

The middle portion of the book ex- 
plores the evidence that the amount of 
solar radiation is the most important 
factor in determining if and when one 
develops a cataract. It is noted that the 
prevalence of cataract is five times high- 
er in the tropical zone than in latitudes 
north of 46° north. The prevalence rate 
of cataract in many countries is studied 
and the author finds that the rate de- 
creases as one moves poleward from the 
equator. 

The final portion of the book presents 
a program of prevention to reduce the 
prevalence of age-related cataract. 
Young proposes that people should 
wear UV-absorbing sunglasses when 


outdoors. This should delay the aging of 
the lens and the development of 
cataract. 

The only weakness in this monograph 
is that each scientific principle is stated 
numerous times. The book could be con- 
siderably shorter and not lose its im- 
pact. Nonetheless, this is an excellent 
book to update one’s knowledge of basic 


“. . . an excellent book to update 
one’s knowledge of basic aging pro- 
cesses...” 


aging processes, specifically as they re- 
late to cataract formation. It also pre- 
sents a compelling argument for UV 
protection in the population. It should 
be read by all people concerned with the 
enormous problem the world has with 
cataract disability, especially as the 
aged population increases. 

ROBERT A. GORN, MD 

Brookline, Mass 


Angle Closure Glaucoma: A Compre- 
hensive Review of Primary and Secondary 
Angle Closure Glaucoma, by Stanley 
Hyams, 186 pp with black-and-white illus, 
Berkeley, Calif, Kugler and Ghedini Publica- 
tions, 1990, $45. 


Stanley Hyams succeeds admirably 
in presenting a broad overview of the 
many facets of angle closure glaucoma. 
The text is divided into 20 chapters, 
which discuss the following: classifica- 
tion and terminology, prevalence, basic 


“ 


. . . Succeeds admirably in pre- 
senting a broad overview of the 
many facets of angle closure 
glaucoma.” 


mechanisms, biometry, gonioscopy, a- 
cute glaucoma, subacute and chronic an- 
gle closure glaucoma, plateau iris, ma- 
lignant glaucoma, angle closure 
glaucoma due to pathology in the poste- 
rior segment and orbit, nanophthalmos, 
other forms of secondary angle closure 
glaucoma, iridocorneal endothelial syn- 
drome, iridoschisis, angle closure glau- 
coma in various systemic diseases, an- 
gle closure glaucoma due to system- 
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ically administered drugs, fellow eye 
and the asymptomatic narrow angle, 
provocative tests, surgical and laser iri- 
dectomy with particular reference to 
their complications, and other thera- 
peutic options. Virtually every chapter 
is a model of succinctness and lucidity. 

The major stylistic feature of the book 
is the incorporation of references, which 
generally include Dr Hyams’ own ab- 
stracts of primary sources, directly into 
the text. This device of integrating ref- 
erences, in contrast to the usual practice 
of segregating references in lengthy 
lists at the end of each chapter, not only 
facilitates the intellectual processing 
of the material presented but also 
achieves maximal economy of space and 
time. Readers who might prefer to gloss 
over the citations and synopses may do 
so easily by simply skipping those pas- 
sages set in diminutive type without 
sacrificing a logical development of the 
topic at hand. 

Not unexpectedly, the content of An- 
gle Closure Glaucoma is familiar. There 
are few surprises to be found, and refer- 
ences are, very appropriately, made 
largely to classic articles. However, Dr 
Hyams also deserves credit for his obvi- 
ous effort to update this field with the 
inclusion of more recent articles dis- 
cussing angle closure glaucoma in the 
setting of disorders such as acquired 
immunodeficiency syndrome. 

Angle Closure Glaucoma provides an 
excellent overview of the subject. It ap- 
parently is not directed at the glaucoma 
subspecialist and is obviously the prod- 
uct of excellent planning and superb ex- 
ecution. As such, it has broad appeal 
and is a worthy addition to any ophthal- 
mic library. 

MICHAEL CHANG, MD 
Boston, Mass 


Management of Orbital Adnexal Tumors 
and Inflammations, edited by Joseph A. 
Mauriello, Jr, and Joseph C. Flanagan, 285 
pp with illus, New York, NY, Field & Wood, 
1990, $145. 


Directed at the practicing ophthal- 
mologist, this book achieves its stated 
goal of serving as a practical clinical 
guide. Nicely illustrated with black- 
and-white clinical photographs, com- 
puted tomograms, ultrasound studies, 
histopathologic photographs, and line 
drawings, the reader is able to developa 
sense for the clinical presentation and 
appropriate diagnostic techniques used 
in the evaluation of patients with orbital 
and adnexal disease. Specific recom- 
mendations for treatment that in many 
instances include drug and radiation 
doses, are provided. 
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The text begins with the “General 
Approach to the Patient,” which em- 
phasizes the necessity for distinguish- 
ing inflammatory from neoplastic pro- 
cesses. The next three chapters, 
“Orbital Inflammatory Diseases,” “Or- 
bital Tumors,” and “Pediatric Orbital 
Tumors” provide a closer look at specific 
diseases. “Surgical Approaches to the 
Orbit” is a particularly useful chapter 
dealing with operative techniques and 
strategy. The final three chapters, 
“Lacrimal Gland Tumors and Inflamma- 
tions,” “Lacrimal Sac Tumors and In- 
flammations,” and “Tumors and Inflam- 
mations of the Lids” discuss a wide 
array of disease entities. 


“ 


. . an interesting, nicely illus- 
trated text with a refreshingly clini- 
cal orientation.” 


The editors state that they do not 
wish to provide an encyclopedic text. 
Nevertheless, the scope of the text is 
broad, with sufficient depth to provide 
clinically relevant material. Particular- 
ly enjoyable are the case studies inter- 
spersed throughout. These provide a fo- 
cus for the diagnostic and therapeutic 
principles set forth and tend to under- 
score the practical aims of the text. 

Perhaps one of the most useful as- 
pects of the book is the inclusion of very 
complete, clinically oriented tables. 
They address such subjects as the mag- 
netic resonance imaging signal intensi- 
ties for various orbital tumors and dif- 
ferential diagnosis—eg, “Conditions 
Associated With Orbital Calcifica- 
tions,” and “Intraconal Localized Tu- 
mors That Do Not Involve the Optic 
Nerve.” 

Ophthalmologists who treat orbital 
and adnexal disease processes will find 
this an interesting, nicely illustrated 
text with a refreshingly clinical 
orientation. 

CHRISTOPHER T. WESTFALL, MD 
Boston, Mass 


Clinical Tests of Vision, by Lars Frisen, 
222 pp with illus, New York, NY, Raven Press, 
1990, $59. 


This small, concise paperback is a re- 
markably comprehensive review of clin- 
ically relevant tests of vision commonly 
used by practicing ophthalmologists 
and neurologists. Frisen, an authority 
on visual acuity testing and perimetry, 
writes in a straightforward, highly 
readable style, and adds clinical pearls 
from his experience in the field that are 
highlights of the text. For example, he 
checks visual acuity of the right eye by 


having the patient read from left to 
right, and the left eye by having the 
patient read from right to left. This pre- 
vents memorization of the chart and en- 
hances detection of bitemporal field 
defects. 

The early chapters address the funda- 
mental concepts of statistically based 
methods of measuring vision, tech- 
niques of obtaining and reporting visual 
acuity, metamorphopsia, and color vi- 
sion. The bulk of the text discusses tech- 
niques of perimetry and interpretation 
of visual field defects but also includes 
challenging test cases. The chapters are 
generously illustrated and feature a se- 
ries of magnetic resonance images 
showing visual pathways. Despite the 
author’s disclaimer that the book is 
“long on clinical presentation but short 
on history and references,” I found his 
listing of almost 600 references very 
comprehensive for a short text. 

Frisen stresses “the critical evalua- 
tion of results and their topical interpre- 
tation,” and frequently alerts the read- 
er to the inherent limitations of existing 
paradigms. In the discussion of color 
vision testing, he notes that the most 
widely used screening test of color vi- 
sion defects, Ishihara’s test, which in- 
volves pseudoisochromatic plates, was 


“I... highly recommend it to 
neurologists and ophthalmologists, 
particularly those interested in 
perimetry.” 


designed to detect congenital and not 
acquired defects in color vision. In this 
way, the text is more than a mere de- 
scriptive catalog of available tests of vi- 
sion and challenges the reader to a more 
critical use of existing screening 
strategies. 

The author’s skill as both a clinician 
and perimetrist is evident in his advoca- 
cy of goal-oriented perimetry. “Every 
perimetric examination,” he says, 
“should aim to answer a very limited 
number of questions that are based on 
all available information.” The chapters 
on perimetry are based predominantly 
on Goldmann kinetic perimetry (the uni- 
versal gold standard) and contain dis- 
cussions of neurologically based field 
defects. Fields generated by computer- 
ized static perimetry are only briefly 
mentioned, but their inclusion in a more 
comprehensive manner would have re- 
quired considerable expansion of the 
text. Fields are represented in standard 
two-dimensional Goldmann charts as 
well as in three-dimensional drawings 
based on Traquair’s island of vision. The 
latter is a more accurate representa- 
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tion, but requires some adaptation on 
the reader's part. 

This text is a carefully and concisely 
written introduction to the principles of 
vision testing and the art of perimetry. I 
have added it to my library and highly 
recommend it to neurologists and oph- 
thalmologists, particularly those inter- 
ested in perimetry. 

STEVE HAMILTON, MD 
Boston, Mass 


Transactions of the American Ophthal- 
mological Society, 1990, edited by Robert 
B. Welch, 850 pp with illustrations, Roches- 
ter, Minn, Johnson Printing Co, 1991, $50. 


The 126th annual meeting of the 
American Ophthalmological Society 
was held in Hot Springs, Va, May 20-23, 
1990. This volume records the 20 scien- 
tific presentations at the meeting, nine 
theses accepted from new members of 
the society, and minutes of the business 
meetings. In general, the reports are 
concise, authoritative, and of current 
general ophthalmic interest. 

A veritable smorgasbord of ophthal- 
mic topics is presented in this volume, 
including selected medical and surgical 
problems and even issues of general 
medical concern (“Some Issues in Grad- 
uate Medical Education” is the title of 
one section). The following topics were 
addressed in the meeting and are dis- 


“A veritable smorgasbord of oph- 
thalmic topics. . .” 


cussed in this text: laboratory studies 
(eg, the immunopathologic characteris- 
tics of the retinoblastoma protein, mea- 
surements of the force of the levator 
muscle, and morphologic changes in cor- 
neal cells caused by contact lens wear); 
clinical studies (eg, the ability of apra- 
clonidine hydrochloride to lower intrao- 
cular pressure and its inability to lower 
intraocular pressure after neodymium- 
YAG laser capsulotomy); the role of vis- 
ible light in the genesis of age-related 
macular degeneration; and results of a 
15-year follow-up of argon and xenon 
laser treatment of diabetic retinopa- 
thy); clinical descriptions of ocular dis- 
ease (eg, ocular toxoplasmosis in pa- 
tients with acquired immunodeficiency 
syndrome, the spectrum of eye anoma- 
lies associated with colobomatous mal- 
formations of the eye, x-linked retin- 
oschisis, and different causes of giant 
papillary conjunctivitis); and problems 
associated with different ocular surger- 
ies (eg, pneumatic retinopexy and pene- 
trating keratoplasty with and without 
intraocular lens implanation). 

As would be expected, each of the 


Arch Ophthalmol—Vol 110, April 1992 


nine theses discusses a limited topic in 
greater detail, with more documenta- 
tion of the experimental variables and 
references than in other sections of the 
book. Readers interested in subjects 
covered in these theses will be very sat- 
isfied with the material presented. 

Both formal and informal discussions 
of each paper are included. Sometimes, 
as with “Why Retrobulbar Anesthe- 
sia?” the discussion complements the 
formal paper, in this case by revealing 
the historical progression of ocular an- 
esthesia and akinesia. The discussion 
also forces the reader to rethink and 
reconsider the more important factors 
involved in preparing the eye for cata- 
ract surgery. 

Not every practicing ophthalmologist 
needs to purchase this book. Most of the 
information from the scientific papers 
can be found in other ophthalmic jour- 
nals. However, an annual examination 
of the current issue will keep the busy 
ophthalmologist informed of much of 
the important new information relevant 
to patient care. 

RuFus O. HOWARD, MD 
New Britain, Conn 


Davson’s Physiology of the Eye, 5th ed, 
by Hugh Davson, 830 pp with illus, Elmsford, 
NY, Pergamon Press Inc, 1990, $85. 


The first edition of Physiology of the 
Eye was issued in 1949, more than 40 
years ago. Subsequent editions have ap- 
peared at roughly 10-year intervals, in 
1963, 1972, 1980, and 1990. The present 
edition was completed in late 1988 and 
contains references through 1986 and 
early 1987. During these four decades, 
extraordinary progress has been made 
in our understanding of the physiology 
of the eye and visual system, and the 
present edition reviews much of this in- 
crease of knowledge. In particular, the 
electrophysiological studies of the visu- 


“. . . does a splendid job of inte- 
grating the newer work with the 
older literature...” 


al system have been spectacular and 
have led to the awarding of a Nobel 
prize to David Hubel and Torsten Wie- 
sel. The seminal work pioneered by Hu- 
bel and Wiesel was first included in the 
third edition of the book, but was cov- 
ered in a mere 20 pages. By the fourth 
edition, 80 pages were devoted to this 
subject, and in the present edition, the 
coverage has been extended to 157 
pages. 

The present edition is divided into 
four sections. The first, “The Vegeta- 
tive Physiology and Biochemistry of the 
Eye” (200 pages), discusses the aqueous 


humor, vitreous body, cornea, and lens. 
Section 2, “The Mechanisms of Vision” 
(240 pages), focuses on photoreception, 
the electrophysiology of the retina, and 
those aspects of psychophysics that re- 
late to retinal mechanisms. Section 3, 
“Visual Perception” (200 pages), dis- 
cusses central visual mechanisms and 
how they relate to visual perception. 
The final section, “The Muscular Mech- 
anisms” (160 pages), focuses on eye and 
pupil movements and accommodation. 

How well has Physiology of the Eye 
kept up with the enormous progress 
that has been made since its first edi- 
tion? One area that has exploded since 
the last edition is photoreceptor trans- 
duction mechanisms. We now under- 
stand in exquisite detail how the bleach- 
ing of a rhodopsin molecule leads to a 
change in the electrical potential of the 
photoreceptor cell outer membrane. 
For example, one intermediate in the 
bleaching process, metarhodopsin II, 
activates a G protein called transducin, 
which in turn activates a phosphodies- 
terase molecule. This enzyme breaks 
down cyclic guanosine monophosphate 
molecules that control channels in the 
outer segment membrane. In the light, 
cyclic guanosine monophosphate levels 
fall, decreasing the flow of sodium ions 
into the photoreceptor. This results in 
membrane hyperpolarization and a de- 
crease in neurotransmitter release from 
the cell, which is how photoreceptor sig- 
nals are detected by second-order cells. 
All of this information is covered im- 
pressively in the new edition of Physiol- 
ogy of the Eye. Virtually all of the key 
references to this new work are includ- 
ed, and the discussion is clear and com- 
prehensive. Since the book covers the 
literature only up through early 1987, it 
is already a bit behind, but it does a 
splendid job of integrating the newer 
work with the older literature, not only 
in this section but throughout the 
volume. 

I particularly liked the inclusion of 
notes at the end of each chapter that 
provided further insights into points 
made in the text, occasional definitions, 
some relevant history, and so forth. One 
area that is not covered very well in the 
present volume is the pharmacology of 
the retina. This is a particularly “hot” 
area at the moment, and our under- 
standing of the various ways that neu- 
rons interact with one another via syn- 
aptic mechanisms has undergone a 
rapid evolution. Much of this work has 
only been published in the past 5 years, 
however, and I am confident that it will 
be well covered in the sixth edition of 
Physiology of the Eye. 

JOHN E. DOWLING, MD 
Cambridge, Mass 
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News and Comment 





Eric L. Berman, MD, Appointed As- 
sociate Director.—Eric L. Berman, 
MD, has been appointed associate di- 
rector of the Neuro-ophthalmology Ser- 
vice in the Department of Ophthalmolo- 
gy at the University of Rochester 
School of Medicine and Dentistry in 
New York. Dr Berman completed his 
residency at Downstate Medical Center 
in New York City and his fellowship 
training in neuro-ophthalmology at the 
University of Minnesota. 


Joseph B. Walsh, MD, Elected 
President of the Ophthalmic Laser 
Surgical Society.—Joseph B. Walsh, 
MD, professor and chairman of the De- 
partment of Ophthalmology of the New 


Obituary 
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Brendan D. Leahey, MD 


Brendan D. Leahey, MD, 1905-1992 


My father, Brendan D. Leahey, MD, 
died on January 23, 1992, at age 86 
years. He was an ophthalmologist, as 
was his father, who made numerous 
contributions to the field. In 1938, my 
father was the first to do a successful 
corneal transplant in New England at 
the Massachusetts Eye and Ear Infir- 
mary, Boston. He presented many pa- 
pers on transplant surgery and was part 
of several symposia on corneal trans- 
plants. He also presented several pa- 
pers on ptosis surgery and was one of 
the first advocates for early surgery in 
esotropia. 

Born in 1905 in Lowell, Mass, Bren- 
dan D. Leahey graduated from Harvard 
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Eric L. Berman, MD 


York Eye and Ear Infirmary-New 
York Medical College, has been elected 
to the post of president of the Ophthal- 
mic Laser Surgical Society for 1992- 
1993. Other newly elected officers are 


Medical School, Boston, in 1930, and 
went to St Luke’s Hospital, Chicago, Ill, 
to serve his internship. He returned to 
Boston and the Massachusetts Eye and 
Ear Infirmary for a residency in oph- 
thalmology, which he completed in 
1933. Although he could have practiced 
medicine anywhere, my father chose to 
remain in his home town of Lowell and 
devote his career to the people he loved. 
He founded the Leahey Eye Clinics in 
Lowell and Billerica. A member of the 
medical staffs at St John’s Medical Cen- 
ter, St Joseph’s Hospital, and Lowell 
General Hospital, he was also the past- 
president of the medical staffs at St 
John’s Medical Center and Lowell Gen- 
eral Hospital. He introduced the Lowell 
community to new treatments and tech- 
niques in eye care. 

An active participant in resident edu- 
cation, my father was the chief of the 
Friday service at the Massachusetts 
Eye and Ear Infirmary for many years. 
He was also a clinical associate in oph- 
thalmology for 32 years at Harvard 
Medical School. This was all volunteer 
work. 

In 1957, my father was elected to 
membership in the American Ophthal- 
mological Society and presented numer- 
ous papers at their meetings. He was 
also a member of the American Acade- 
my of Ophthalmology (for which he 
taught courses for over 10 years) and 
the American Medical Society, and was 
a fellow of the American College of Sur- 
geons. He served as president of the 
New England Ophthalmological Society 
and the Middlesex North District Medi- 
cal Society and, until his death, contin- 
ued as a senior consulting surgeon at the 








Joseph B. Walsh, MD 


Thomas O. Muldoon, MD, vice-presi- 
dent; Maurice Luntz, MD, program 
chairman; and Robert Ritch, MD, sec- 
retary-treasurer. 


Massachusetts Eye and Ear Infirmary 
and also as a member of its board of 
trustees. 

In addition, my father was involved 
with several civic and fraternal organi- 
zations and was the vice president and 
director of the Greater Lowell Chamber 
of Commerce and a director of the 
Washington Savings Bank and the Low- 
ell Cooperative Bank. He was also an 
avid golfer. 

Even with all of these honors and du- 
ties, my father still managed to build a 
large private practice and to treat the 
people of Lowell. The city never forgot 
this. The University of Massachusetts 
at Lowell awarded him a Doctor of Hu- 
mane Letters degree in 1981. In Octo- 
ber 1991, St John’s Hospital named its 
newest medical arts building after him. 
We were privileged to have him in at- 
tendance for the dedication. 

Brendan D. Leahey leaves behind his 
wife, Mary Josephine, with whom he 
recently celebrated their 53rd wedding 
anniversary, a daughter, three sons (in- 
cluding myself), two daughters-in-law, 
and six grandchildren. He will be truly 
missed. 

Brendan Leahey was special to me 
both as a role model for a career in oph- 
thalmology and as a loving, caring fa- 
ther who was considerate and genuinely 
concerned about all those around him. If 
I can accomplish one tenth of what he 
did in ophthalmology, I will have a satis- 
fying career. It was his gentle nature as 
a human being, combined with his sin- 
cere interest in others, that made him a 
great man. 

ALAN B. LEAHEY, MD 
Baltimore, Md 


News and Comment/Obituary 


Corrected Obituary 


Editor's Note.—In the original obituary of William C. Conner, which appeared in the March issue 
of the ARCHIVES, the name of the author, A. Edward Maumenee, MD, was accidentally omitted. 
The complete, corrected obituary is reprinted here. 


William C. Conner, 1907-1992 


Bill Conner died suddenly of vascu- 
lar disease on Sunday, January 11, 1992, 
at age 84 years. Lucid until shortly be- 
fore his death, Bill lived life to the fullest 
and was truly a great person. He was 
always a considerate gentleman, a hard 
worker, a generous philanthropist, a 
leader in the business world, an inven- 
tor, and a man who was never satisfied 
with anything less than perfection. Be- 
cause of his keen sense of humor, it was 
always a great pleasure to be with him. 

I first met Bill in the late 1940s. He 
had been a pharmacist in a drug store 
and was dissatisfied with the unsterile 
and inaccurate ophthalmic medications 
that were prepared and dispensed by 
the local pharmacists. In 1947, at age 40 
years, he and Bob Alexander, his busi- 
ness partner, decided to improve the 
situation, so they set up a facility in an 
old warehouse for preparing ophthalmic 
medications accurately with the correct 
concentrations of drugs, under sterile 
conditions. Their total finances at the 
start of this venture were $6000, which 
they subsequently parlayed into the 
worldwide Alcon Laboratories. In 1979, 
Alcon Laboratories was sold to Nestle 
Inc for approximately $400 million. 

In 1948, Bill and Bob incorporated 
and started manufacturing their prod- 
ucts for national distribution. The story 
of how they built one of the largest and 
most modern ophthalmic manufactur- 
ing facilities in the United States, if not 
in the world, would fill a book. Bill, not 
satisfied with the mere production of 
ophthalmic products already available, 
built a magnificent research laboratory 
in 1981, which was later dedicated to 
him by the Alcon Company. 

Bill graduated from Danforth College 
of Pharmacy in 1928. In 1956, dissatis- 
fied with his knowledge of business ad- 
ministration, he attended the Advanced 
Management Program of Harvard Uni- 
versity School of Business in Cam- 
bridge, Mass, and completed the pro- 
gram with honors. He then became a 
member of the Harvard Business 
School Club. 

Not satisfied with the tremendous 
success of Alcon and its research labora- 
tories, Bill began at least six other ven- 
tures. The first was the Tarrant Health 
Protection Plan Inc, a health mainte- 
nance organization, which later merged 
with MetroCare (another health main- 
tenance organization) to become Med- 
con Inc. His second undertaking was the 
Hearing Health Group Inc, with which 
he thought he could develop a better and 
less unsightly hearing aid than those 
commercially available at that time. His 
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third venture was the Capital National 
Bank. He also acquired a pharmaceuti- 
cal company in Chicago, Ill, later re- 
named Conal Pharmaceuticals Inc, 
which specialized in urologic prescrip- 
tions. In addition, he acquired the dis- 
tributorship for the United States of the 
Flagship Yacht Manufacturing Compa- 
ny of the Netherlands. Finally, he start- 
ed the Shale Energy Corporation of 
America in Denver, Colo, at the time of 
the recent oil crisis. 

Bills philanthropies and chairman- 
ships of boards and trusteeships would 
fill pages. I will mention only a few. In 
1973, he started the William C. Conner 
Foundation at the Texas Christian Uni- 
versity in Fort Worth, Tex, to benefit 
the Department of Ophthalmology at 
Baylor University School of Medicine in 
Houston, Tex. He was a member of the 
Development Council of the Harris 
Hospital, also in Fort Worth, and a di- 
rector of the National Society for the 
Prevention of Blindness and of Project 
Orbis. 

Bill was a member of the National 
Advisory Eye Council of the Wilmer 
Ophthalmological Institute in Balti- 
more, Md, and, through the Alcon 
Foundation, gave money to build a floor 
in the Woods Research Building at the 
Wilmer Institute. Besides being chair- 
man of the Texas State Commission for 
the Blind, director of the Pan-American 
Ophthalmological Foundation, and a 
trustee of Research to Prevent Blind- 
ness Inc, Bill started the Conner Glau- 
coma Center at the Herman Eye Center 
in Houston. 

He was a member of the boards of 
directors of the Fine Arts Council of 
Fort Worth, the Greater Fort Worth 
Community Theater, and the Fort 
Worth Chapter of the American Red 
Cross. He was chairman of the official 
board of the University Christian 
Church and the Board of Trustees of the 
Texas Christian University. He was di- 
rector and chairman of the board of the 
Texas Christian University Research 
Foundation and a director of the Institu- 
tion of Behavioral Sciences. Among the 
awards he received were the National 
Jewish Hospital Humanitarian Award, 
the Brotherhood Award of the National 
Conference of Christians and Jews, and 
the Distinguished Public Service 
Award of the American Academy of 
Ophthalmology. He was made an honor- 
ary member of the Pan-American Asso- 
ciation of Ophthalmology. 

Bill received many additional distin- 
guished awards for his superb business 
ability and his great interest in philan- 
thropy. A few of these are the Distin- 
guished Achievement Award of the M. 


J. Neely School of Business Alumni As- 
sociation of Texas Christian University 
and the Royal Purple Award of the Tex- 
as Christian University Alumni Associ- 
ation. He was a member of the board of 
directors of the Fort Worth Chamber of 
Commerce, and a director of the Tandy 
Corporation of Fort Worth. He was the 
first recipient of the John Gateley Dow- 
ney Award from the University of 
Southern California School of Pharma- 
cy. He received an honorary Doctor of 
Laws degree from Texas Christian Uni- 
versity and was appointed by Governor 
Clements to the Governors Long- 
Range Planning Group for Texans with 
disabilities. He was awarded the Fort 
Worth Police Officers Foundation 
Award for leadership and financial sup- 
port in the community’s effort to reduce 
crime. In 1981, he was voted the Busi- 
ness Executive of the Year by Texas 
Wesleyan College in Fort Worth and 
was inducted into the Texas Wesleyan 
Business Hall of Fame. 

Besides all of the above activities, Bill 
was an avid golfer, a devoted fisherman, 
and a superb yachtsman, whose career 
high point occurred when he acquired 
the American distributorship of the 
Flagship Yacht Company. He pur- 
chased a 220-foot ship that had previ- 
ously been owned by the Mellon family 
and was equipped with its own water 
desalinator. The ship’s walls and ceiling 
were beautifully encased in mahogany 
and its floors were overlaid with teak. 

Bill never showed fear. On one occa- 
sion, seven of us had rented a yacht from 
a commercial fisherman who had pur- 
chased it from Al Capone's estate. We 
used the yacht as a base and fished from 
small boats with outboard motors just 
west of Juneau, Alaska. The salmon 
fishing had not been good, so we decided 
to climb a mountain to the top of an atoll 
where the center of an extinct voleano 
had been filled with fresh rain water. 
There, we could try fresh-water fishing. 
In spite of a heart attack that had strick- 
en him approximately 6 months earlier, 
he insisted on climbing up the side of the 
volcano with the rest of us. Like so 
many of his other achievements, he 
made it without any difficulty. Bill's 
passing brings to mind these often 
quoted lines from Shakespeare: 


His life was gentle, and the elements 

So mixed in him that Nature might 
stand up 

And say to all the world, “This was a 
man!” 

(Julius Caesar, act V, scene V, line 73) 


A. EDWARD MAuMENEE, MD 
Baltimore, Md 
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“Ihave never gotten used to people dying. And I don't 


want to get used to it.” 


Dr. Aliza Lifshitz, Internist, Los Angeles, California, Member, American Medical Association 


Patients come to physicians for many reasons. 
Beyond relief from pain, they seek compassion, 
empathy and support. AIDS patients receive all of 
these and more from Dr. Aliza Lifshitz. 

Born and raised in Mexico and educated at one of 
Mexico City’s finest medical schools, Dr. Lifshitz now 
serves the Hispanic community in Southern California. 
Over a third of her patients have tested HIV positive. 
Most live below the poverty level. Many are illegal aliens. 

“I never forget what it means to be a doctor, and 
what it means is embodied in the Principles of Medical 


Ethics of the American Medical Association (AMA),” 
states Dr. Lifshitz. 

Dr. Lifshitz is a testament to what is best in 
medicine. She is also a member of the AMA. If you 
want to join her, return the attached postage-paid 
card or call 1-800-AMA-3211. 


American Medical Association 


Physicians dedicated to the health of America 
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Inflamase”® Forte 1% 


(prednisolone sodium phosphate) Ophthalmic Solution 
for unshakeable 100% potency. 


INDICATIONS AND USAGE: INFLAMASE FORTE Ophthalmic Solution is indicated for the treatment of the following 
conditions: steroid responsive inflammatory conditions of the palpebral and bulbar conjunctiva, cornea, and anterior 
segment of the globe, such as allergic conjunctivitis, acne rosacea, superficial punctate keratitis, herpes Zoster keratitis, 
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when unusually rapid control is desired. In stubborn cases of anterior segment eye disease, systemic adrenocortical 
hormone therapy may be required. When the deeper ocular structures are involved, systemic therapy Is necessary. 
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The use of these preparations is always contraindicated after uncomplicated removal of a superficial corneal foreign body. 
WARNINGS: Employment of steroid medication in the treatment of herpes simplex keratitis involving the stroma requires 
great caution; frequent slit lamp microscopy is mandatory. Prolonged use may result in elevated intraocular pressure 
and/or glaucoma, damage to the optic nerve, defects in visual acuity and fields of vision, posterior subcapsular cataract 
formation, or may result in secondary ocular infections. Viral, bacterial and fungal infections of the cornea may be 
exacerbated by the application of steroids. In those diseases causing thinning of the cornea or sclera perforation has been 
known to occur with the use of topical steroids. Acute purulent untreated infection of the eye may be masked or activity 
enhanced by the presence of steroid medication, This drug is not effective in mustard gas keratitis and Sjögrens 
keratoconjunctivitis. If irritation persists or develops, the patient should be advised to discontinue use and consult 
prescribing physician. PRECAUTIONS: As fungal infections of the cornea are particularly prone to develop coincidentally 
with long-term local steroid applications, tungus invasion must be suspected in any persistent corneal ulceration where a 
steroid has been used or is in use. Intraocular pressure should be checked frequently. This product is sterile when 
packaged. To prevent contaminating the dropper tip and solution, care should be taken not to touch the eyelids or any other 
surface with the dropper tip of the bottle. Keep out of the reach of children. Keep bottle tightly closed. Protect from light. 
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Dogs for the 
Deaf helps fill 
the silence. 


Certified Hearing Dogs listen 
for a baby crying, doorbells, 
smoke alarms, or any of a dozen 
sounds, gently touch the deaf 
person with a paw and lead them 
to the sound. 


Dogs are rescued from shel- 
ters — often just before being 
put to sleep —trained 4-6 
months as Hearing Dogs and are 
delivered anywhere in the USA. 


ABSOLUTELY FREE! 


Join Dogs for the Deaf. For 
more information on member- 
ship, our video, tour reservations, 
or to apply for a free dog for 
yourself or someone you love, 
write or Call: 


DOGS FOR 
THE DEAF 


10175 Wheeler Rd. 
Central Point, OR 
97502 


(503) 826-9220 


Voice/TDD 


(Hearing Dogs are allowed the same access nights 
to transportation, buildings, restaurants, markets, 
schools and other public facilities as other guide 
dogs. Dogs for the Deaf Hearing Dogs are 
identified by a blaze orange collar and leash, and 
the owner carries a photo I.D.) 

(Advertising space has been provided as a public service 
by this publication) 
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Times change. Therapies change. For steroid-responsive 
ocular inflammation with superficial bacterial infection, 
today's choice is TOBRADEX". 


TOBRADEX combines the anti-inflammatory activity of 
dexamethasone with the broad spectrum anti-bacterial coverage 
of tobramycin. It's today's most popular ocular combination... 
1 a sign of the times. 
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Combination Therapy for Today. 


TobraDex 


(tobramycin 0.3% and dexamethasone 0.1%) Alcon 
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Sterile Ophthalmic Suspension and Ointment | 


DESCRIPTION: TOBRADEX® (Tobramycin and Dexamethasone) Ophthalmic 
Suspension and Ointment are sterile, multiple dose antibiotic and steroid 
combinations for topical ophthalmic use. 


INDICATIONS AND USAGE: TOBRADEX Ophthalmic Suspension and Ointment are 
indicated for steroid-responsive inflammatory ocular conditions for which a 
corticosteroid is indicated and where superficial bacterial ocular infection or a risk 
of bacterial ocular infection exists. 

CONTRAINDICATIONS: Epithelial herpes simplex keratitis (dendritic keratitis), 
vaccinia, varicella, and many other viral diseases of the cornea and conjunctiva. 
Mycobacterial infection of the eye. Fungal diseases of ocular structures. 
Hypersensitivity to a component of the medication. The use of this combination is 
always contraindicated after uncomplicated removal of a corneal foreign body. 


WARNINGS: NOT FOR INJECTION INTO THE EYE. Sensitivity to topically applied 
aminoglycosides may occur in some patients. If a sensitivity reaction does occur, 
discontinue use. Prolonged use of steroids may result in glaucoma, with damage 
to the optic nerve, defects in visual acuity and fields of vision, and posterior 
subcapsular cataract formation. Intraocular pressure should be routinely monitored 
even though it may be difficult in children and uncooperative patients. Prolonged 
use may suppress the host response and thus increase the hazard of secondary 
ocular infections. In those diseases causing thinning of the cornea or sclera, 
perforations have been known to occur with the use of topical steroids. In acute 
purulent conditions of the eye, steroids may mask infection or enhance existing 
infection. 


PRECAUTIONS: General. The possibility of fungal infections of the cornea should AMA 
be considered after long-term steroid dosing. As with other antibiotic preparations, 
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reactions due to the steroid component are: elevation of intraocular pressure (IOP) 
with possible development of glaucoma, and infrequent optic nerve damage; 
posterior subcapsular cataract formation; and delayed wound healing. 

Secondary Infection. The development of secondary infection has occurred after 
use of combinations containing steroids and antimicrobials. Fungal infections of 
the cornea are particularly prone to develop coincidentally with long-term 
applications of steroids. The possibility of fungal invasion must be considered in 
any persistent corneal ulceration where steroid treatment has been used. 
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THREE DECADES OF PEOP 


However great our IOLs’ performance. we'd like to point out that our lenses merely scratch the surface 


of our complete product offering. 

While we are the leader in foldable silicone technology. our involvement ranges from pre-op to post-op, 
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Editorials 


The Marfan Syndrome Is Caused by a Point 
Mutation in the Fibrillin Gene 


I n 1896, Marfan’ described the syndrome that would 
come to bear his name in a 5!/2-year-old girl with 
severe connective tissue disease. Her condition was not 
unlike that seen in two young girls whose identical 
mutations of the fibrillin type 1 gene were recently 
described by Dietz et al.” In these two unrelated, spo- 
radic cases of the Marfan syndrome, the diagnosis was 
suspected at birth because of severe arachnodactyly, 
lack of subcutaneous fat, and typical facial appearance. 
The patients were first seen at ages 4 and 21/2 years for 
an ocular evaluation, and both had microspherophakia 
with marked iridodonesis, but the lenses were in the 
pupillary axis. Both girls had myopia (— 31.00 OD and 
— 30.00 OS in one, and —18.00 OD and — 16.50 OS in 
the other). Axial length measurements were 26.4 mm 
OD and 26.4 mm OS, and 23.9 mm OD and 23.2 mm OS 
at ages 8 and 9 years in the two patients, respectively. 
One patient remained alive at age 24 years; the other 
died at age 16 years of cardiac complications. These 
patients were the only affected individuals in their 
families. The 24-year-old patient is unlikely to repro- 
duce given her severe connective tissue disease. 

Patients with the Marfan syndrome who reproduce 
are typically more mildly affected and the condition 
often remains undiagnosed in the first few years of life. 
Their myopia may prompt an ophthalmic examination, 
and detection of dislocated lenses may give rise to the 
suspicion of the Marfan syndrome; others go undetect- 
ed until their excess height becomes striking or their 
desire to play basketball prompts a cardiac evaluation. 
Unfortunately, patients may be initially diagnosed only 
at the time of rupture of their aorta. 

Marked variability of the clinical phenotype has al- 
ways been a recognized feature of the Marfan syn- 
drome. Intrafamilial variability is explained by other 
genetic differences among sibs and among generations; 
this difference plays a similar role in interfamilial vari- 
ability that may, however, be due to other allelic and 
nonallelic Marfan mutations. It is amazing how similar 
these two patients were to each other and to the patient 
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described by Marfan, given the recognized variability 
of the syndrome. 

The point mutation detected in the Marfan syndrome 
is now known to affect the fibrillin gene. Fibrillin is a 
major component of microfibrils, which are ubiquitous 
in connective tissue, and which make up the suspensory 
ligament of the lens as well as the scaffolding of elastic 
fibers.’ Microfibrils form the matrix on which elastin is 
deposited during elastinogenesis. Fibrillin thus be- 
comes an integral part of elastic structures such as the 
aorta. The Marfan syndrome is classified as a disorder 
of the fibrous components of connective tissue, com- 
posed primarily of collagen and elastin. The fibroblast 
and its differentiated descendants make up the cellular 
components and the mucopolysaccharides form the 
ground substance of connective tissue. Histochemical 
experiments have suggested that fibrillin was abnor- 
mal in a large proportion of patients with the Marfan 
syndrome.‘ Linkage analysis in five Finnish and four 
North American families mapped the gene for the Mar- 
fan syndrome to the long arm of chromosome 15.** The 
lod score was 12.1 at 6 = 0.00 using D15S1, a polymor- 
phic marker located at 15q15-15q21.3. In situ hybridiza- 
tion of DNA complementary to fibrillin showed strong 
binding to chromosome 15 at 15q21.1.’ Because the 
fibrillin gene mapped to the same region as the Marfan 
syndrome, it was suspected to be the candidate gene for 
the Marfan syndrome. Sequencing of part of the fibrillin 
gene permitted comparison with DNA from patients 
with the Marfan syndrome and identification of a base 
substitution in two of over 100 patients tested. No 
deletions have been found to date. At present, the 
identified base substitution is incriminated as the de- 
fect in fewer than 2% of patients with the Marfan syn- 
drome. A second fibrillin gene has since been mapped to 
chromosome 5 and is the candidate gene for contrac- 
tural arachnodactyly, a disorder similar to the Marfan 
syndrome, in which joints are tight rather than loose 
and ectopia lentis is not exhibited as a feature." 

Several obvious observations can be made from this 
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recent work. Fibrillin was identified as recently as 
5 years ago as a significant connective tissue component 
of the zonules and the cornea. The interval from identi- 
fication of a new connective tissue component to its 
molecular cloning, chromosomal assignment, and cor- 
relation with a disease thus was only about 5 years. 
Identification of a second fibrillin gene on chromosome 
5 makes the existence of nonallelic heterogeneity likely. 
The first identified gene mutation was found in two of 
more than 100 patients tested, corresponding to a small 
proportion of patients with the Marfan syndrome. The 
association among zonular dehiscence, microsphero- 
phakia, and the altered fibrillin gene is obvious in these 
patients. In other patients with Marfan syndrome, 
however, the ocular abnormalities are characterized by 
excess stretching of the globe, flattening of the cornea, 
and stretching and partial dehiscence of the zonules. 
Patients with increased axial lengths are at risk for 
retinal detachment. This did not occur in the two pa- 
tients mentioned, nor was it a feature in the patient 
described by Marfan. 

Identification of a mutation in the fibrillin gene is a 
major breakthrough in this lethal disease. This disorder 
can now be removed from the list of syndromes and be 
called a disease, since a more detailed pathogenesis has 
been found. It has been speculated that patients with 
the severe neonatal form of the disease have an autoso- 
mal recessive subtype of the Marfan syndrome. Such an 
etiology is less likely since the mutation identified by 
Dietz et al codes for the most severe phenotype ob- 
served. The molecular diagnosis can now be confirmed 
in the laboratory in a definite, though small, proportion 
of patients. Indirect diagnosis, using probability esti- 


mates based on linkage analysis, can be established in 
patients with a questionable diagnosis if they are mem- 
bers of a pedigree large enough to permit linkage as- 
signment. Treatment based on molecular diagnosis or 
linkage analysis may now be initiated early in an at- 
tempt to prevent or repair ocular or potentially lethal 
cardiovascular complications. 


IRENE H. MAUMENEE, MD 
Baltimore, Md 
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Cataract Surgery After Radiotherapy for 


Uveal Melanoma 


M alignant melanoma of the posterior uvea (ciliary 
body and choroid) is the most common primary, 
malignant, intraocular tumor. A perplexing aspect of 
this neoplasm is its marked predisposition to eventually 
exhibit hepatic metastasis in spite of the fact that initial 





See also p 475. 





liver enzyme levels and results of hepatic imaging stud- 
ies are almost always normal when the eye tumor is 
treated by an ophthalmic oncologist.’ Some authors 
have proposed that manipulation of the eye by enucle- 
ation, radiotherapy, or other diagnostic or therapeutic 
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maneuvers may promote systemic dissemination of the 
tumor.” Consequently, emphasis has been placed on 
using “no touch” or “minimal manipulation” techniques 
at the time of enucleation or other procedures." In 
recent years, however, the “no touch” technique has 
become almost obsolete, although a minimal manipula- 
tion technique is still advocated." 

In view of these developments, is it not paradoxical 
that an ophthalmologist would purposely open a tumor- 
containing eye, remove a cataract, and even insert an 
intraocular lens? Should one conclude that this form of 
manipulation would promote extraocular extension and 
systemic dissemination of the tumor? 

In spite of these theoretical concerns, the study by 
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Gragoudas and associates’ reported in this issue pro- 
vides statistical evidence that no additional risk of met- 
astatic disease is incurred by performing cataract sur- 
gery and intraocular lens implantation in patients who 
have undergone successful radiotherapy for posterior 
uveal melanoma. There are two reasons why cataract 
surgery is presumably safe in these patients. 

First, the uveal melanoma has received adequate 
irradiation to render it incapable or less capable of 
metastasis. Therefore, the minor manipulation in- 
volved in cataract surgery would not be likely to pro- 
mote metastasis. 

Second, there is increasing evidence that many pa- 
tients who have uveal melanoma have developed sub- 
clinical hepatic micrometastases prior to treatment of 
the primary uveal tumor and that these hepatic micro- 
metastases are being suppressed by host immunologic 
defense mechanisms." If that is the case, it seems 
unlikely that cataract surgery would have any adverse 
effect on these clinically dormant melanoma cells in the 
liver. 

Most nonneoplastic ophthalmic diseases are capable 
of producing visual loss but are not life-threatening. 
Therefore, the primary goal of the ophthalmologist is to 
preserve as much vision as possible. In contrast, uveal 
melanoma threatens the patient’s life as well as the 
patient’s vision. Hence, in cases of uveal melanoma, 
survival of the patient is the primary goal of treatment, 
and preservation of vision becomes a secondary goal. In 
addition to the observations of Gragoudas and asso- 
ciates, other studies have suggested that the patient’s 
survival is not adversely affected by removing the cata- 
ract after successful clinical control of a tumor with 
radiotherapy.’ Another small nonstatistical study also 
suggested that patients who have undergone cataract 
surgery in eyes with unsuspected uveal melanoma may 
not have a worse prognosis.‘ Therefore, it seems appro- 
priate to treat a visually disabling cataract with stan- 
dard methods if it appears that the tumor is adequately 
controlled. 
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Prior to undertaking cataract surgery in patients 
who have undergone radiotherapy for uveal melanoma, 
the ophthalmologist should be certain that the tumor 
shows excellent clinical regression, documented by in- 
direct ophthalmoscopy and ultrasonography. Further- 
more, the ophthalmologist should clearly determine 
that the visual loss is due primarily to the cataract and 
not to radiation maculopathy, in which case cataract 
surgery would be of little or no benefit. Based on my 
similar experience with a large number of cases, I 
currently recommend cataract removal and insertion of 
an intraocular lens in patients who have undergone 
successful radiotherapy for ciliary body or choroidal 
melanoma if evaluation suggests that it would benefit 
the patient visually. 


JERRY A. SHIELDS, MD 
Philadelphia, Pa 


The author’s research is supported by the Eye Tumor Research 
Foundation Inc, Philadelphia, Pa. 
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e We evaluated visual outcome and 
risk of metastases in patients who under- 
went cataract extraction after proton- 
beam irradiation of a uveal melanoma. A 
total of 84 patients underwent cataract 
extraction between 2 months and 11 
years after irradiation. One year after 
cataract extraction, approximately half of 
the patients had visual acuity of 20/100 
or better, and approximately one third 
had an acuity of 20/40 or better. Larger 
tumor size was highly correlated with 
poor visual outcome 1 year after extrac- 
tion. Six patients underwent enucleation 
after cataract removal, five due to blind, 
painful eyes and one due to continued 
growth of a previously undiagnosed ring 
melanoma. The rate of metastases was 
not higher among patients who under- 
went cataract extraction (adjusted rate 
ratio, 0.83). Results suggest that cataract 
extraction offers improvement of vision 
in selected eyes previously irradiated for 
a uveal melanoma, without adding to the 
risk of metastases among patients un- 
dergoing the procedure. 

(Arch Ophthalmol. 1992;110:475-479) 


he lens is the most radiosensitive 
structure in the human eye,’ and 
cataract is a common side effect” and 
cause of visual loss after’ intraocular 
irradiation. A progressing cataract in 
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patients with intraocular tumors poses 
a dilemma for the clinician. 

There may be reluctance to operate 
on an eye harboring a malignant tu- 
mor, and some have assumed that the 
risk of complications is unacceptably 
high.’ But failing to remove the cata- 
ract leaves the patient with less vision 
than he or she may have potential for. 
In addition, if sufficiently dense, the 
cataract may interfere with the ability 


to monitor the tumor’s response to 


See also p 473. 


irradiation. Few published studies 
have examined the risks and benefits 
of cataract extraction in these pa- 
tients.” In particular, the influence of 
cataract surgery on the risk of metas- 
tases is unknown and no previous stud- 
ies have addressed this issue. Thus, at 
present, there are few guidelines on 
which to base decisions regarding the 
treatment of patients who develop cat- 
aract after intraocular irradiation. 

We report herein the results of cata- 
ract surgery in a relatively large series 
of patients who underwent cataract 
extraction after proton-beam irradia- 
tion of a uveal melanoma. We describe 
postoperative complications that oc- 
curred and visual results at various 
intervals after extraction. In addition, 
we investigate whether cataract sur- 
gery influenced the risk of metastases 
in these patients. 


SUBJECTS AND METHODS 
Subjects 


Patients who underwent cataract extrac- 
tion in the affected eye after treatment with 
proton-beam irradiation” for uveal melano- 
ma were included in this investigation. Of 
the 1170 patients (1171 eyes) treated at the 


Harvard Cyclotron, Boston, Mass, between 
July 1975 and December 1987, 84 eyes in 
84 patients (17% of those with lens opacity) 
had had cataracts extracted by September 
1989. 

Baseline information collected for all pa- 
tients included age, visual acuity, status of 
the affected eye including the presence and 
severity of cataract and retinal detachment, 
largest tumor diameter based on transillu- 
mination and/or ophthalmoscopy, maximal 
tumor height based on A- and B-sean ultra- 
sonography, and location of the anterior 
tumor margin relative to the equator and 
posterior margin relative to the optic disc 
and macula. In addition, all patients under- 
went a complete metastatic workup before 
irradiation as previously described.” 

Follow-up information was available 
through August 1990. The majority of the 
patients returned to the Massachusetts Eye 
and Ear Infirmary, Boston, for follow-up 
evaluation. During examination, the pres- 
ence and severity of cataract and other 
complications was assessed and, if visual 
acuity had decreased to below preirradia- 
tion levels, the primary and secondary rea- 
sons for the visual loss were recorded. For 
patients who did not return to the Massa- 
chusetts Eye and Ear Infirmary, informa- 
tion on the status of the eye was regularly 
obtained from the referring ophthalmolo- 
gist. For all patients who underwent cata- 
ract extraction, information collected in- 
cluded the severity of the cataract at the 
time of extraction, the surgical procedure 
used, postsurgical complications that devel- 
oped, and visual acuity before and after the 
extraction. In the event of deaths or the 
diagnosis of metastases, hospital records, 
autopsy and attending physician reports, 
and other documentation were obtained. 


Statistical Analysis 


Visual outcome was assessed at various 
intervals after extraction both in terms of 
visual acuity and lines of vision gained or 
lost relative to the preextraction visual 
level. Lines of vision were defined based on 
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Table 1.—Visual Acuity by Time After Cataract Extraction 


No. (%) of Patients Based on Time After Extraction, mo 


Variable 4-6 7-18 19-30 31-42 43-54 
No. followed up* 64 72 55 41 30 
Total No. of patients * 80 79 65 47 35 


Visual acuity 
20/20-20/40 


20/50-20/100 
20/125-20/200 











19 (30) 22 (31) 9 (22) 4 (13) 
14 (22) 11 (15) 4 (10) 5 (17) 
8 (13) 5 (7) 3 (7) 1 (3) 
20/300-CF 13 (20) 16 (22) 9 (22) 6 (20) 
HM or LP 7 (11) 11 (15) 6 (15) 6 (20) 
NLP 3 (5) 7 (10) 10 (24) 8 (27) 




















* Number followed up includes number of patients with visual acuity measured within the specified interval after extraction, and total number, the number 
known to be alive up to the end of the specified interval. CF indicates counting fingers; HM, hand motions; LP, light perception; and NLP, no light perception 


(includes enucleated patients). 


the Snellen visual acuity chart, and 2 lines 
were considered to separate each of the 
following: no light perception, light percep- 
tion, hand motion, and counting fingers. 
Patients who underwent enucleation after 
extraction were coded as having no light 
perception during the postextraction inter- 
val when enucleation was performed. If two 
or more measurements were available with- 
in any interval, the one nearest to the 
midpoint of the interval was used. We also 
estimated the risk of poor vision (worse 
than 20/200) 1 year after cataract extraction 
in association with factors known to be 
associated with visual outcome after pro- 
ton-beam irradiation." Risk ratios were 
adjusted for age using a direct pooling 
method.” 

Cataract extraction was evaluated as a 
prognostic factor for metastases among the 
patients with unilateral choroidal or ciliary 
body melanomas, using the Cox proportion- 
al hazards analysis.” Cataract extraction 
was analyzed as a time-dependent covar- 
iate” since its influence on risk of metasta- 
ses, if any, would begin at the time of the 
cataract surgery rather than at baseline. 
Rate ratios for cataract surgery generated 
by this approach are interpretable as the 
rate of metastases among those who under- 
went cataract extraction divided by the rate 
among the remaining patients, adjusting for 
other covariates included in the model. 


RESULTS 


The mean time between irradiation 
and cataract extraction was 3.1 years 
(range, 2 months to 11 years). Three 
(4%) of the 84 patients had iris melano- 
mas extending into the angle, and 
eight (10%) had ciliary body melano- 
mas (four with iris involvement). 
Among the remaining patients, eight 
(10%) had iridociliochoroidal melano- 
mas, 28 (33%) had choroidal melano- 
mas with ciliary body involvement, 18 
(21%) had tumors extending anterior 
to the equator without ciliary body 
involvement, and the remaining 19 
(23%) had tumors entirely in the poste- 
rior pole. Among the 73 tumors not 
confined to the iris or ciliary body, the 
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median largest tumor diameter was 
16.0 mm (range, 5.0 to 24.0 mm), and 
the median height was 7.5 mm (range, 
2.0 to 15.0 mm). Iris/ciliary body mela- 
nomas ranged from 6.5 to 14.0 mm in 
diameter (median, 8.0 mm) and 1.7 to 
10.8 mm in, height (median, 4.0 mm). 
The median age of patients at the time 
of cataract extraction was 64 years 
(range, 29 to 88 years). The cataract 
was extracted from the right eye of 
43 patients and from the left eye of 
41 patients. 

Forty-eight (57%) of 84 patients un- 
derwent an extracapsular procedure 
with posterior chamber intraocular 
lens implant. Two patients (2%) under- 
went phakoemulsification with a poste- 
rior lens implant. Among the remain- 
ing patients, 19 (23%) underwent 
intracapsular cataract extraction, 12 
(14%) underwent extracapsular extrac- 
tion without lens implant, two (2%) 
underwent extracapsular extraction 
with an anterior chamber implant, and 
the remaining patient had an intracap- 
sular extraction with anterior chamber 
lens implant. 

The specific indication for cataract 
extraction was known for 59 (70%) 
patients. (In the remaining eyes, the 
basis for removing the cataract was 
not included in the operative summary 
or in any follow-up correspondence. ) 
Of these 59 patients, 28 had developed 
mature (n=14) or nearly mature 
(n= 14) cataract before extraction. In 
one of these patients, the cataract was 
extracted on an emergency basis after 
the development of phacolytie glauco- 
ma. In 25 patients, the cataract was 
extracted for restoration of vision and 
for better visualization of the tumor. 
In the remaining six patients, visual 
prognosis was known to be poor be- 
cause of other concurrent disease, and 
the cataract was removed primarily to 
allow better visualization of the tumor. 

Visual acuity before irradiation 
ranged between 20/15 and hand motion 


(median, 20/40). Of 34 patients (40%) 
with visual acuity worse than 20/50 
before irradiation, decreased vision 
was related to cataractous lens 
changes (n=14), retinal detachment 
involving the fovea (n=10), tumor in- 
volving or overhanging the fovea 
(n=6), vitreous or subretinal hemor- 
rhage (n=2), keratoconus (n=1), or 
preretinal fibrosis with macular edema 
(n=1). A total of 34 patients (40%) 
had lens opacities present before 
irradiation. 

Visual acuity before cataract extrac- 
tion was available for all but one pa- 
tient in the series and ranged from 
20/60 to light perception (median, 
counting fingers). Twelve patients 
(14%) had a visual acuity of 20/200 or 
better, 38 patients (46%) had 20/300 to 
counting fingers, and 33 patients (40%) 
had hand motion or worse before cata- 
ract surgery. 


Visual Outcome After Cataract Extraction 


Visual acuity after cataract extrac- 
tion was available for 83 patients. The 
most recent visual acuity after extrac- 
tion ranged between 20/20 and no light 
perception. The distribution of final 
visual acuity was 20/200 or better in 
37 eyes (45%), 20/300 to counting fin- 
gers in 18 eyes (22%), hand motion or 
light perception in 14 eyes (17%), and 
no light perception in 14 eyes (17%), of 
which six had been enucleated after 
cataract extraction. The median time 
between extraction and the most re- 
cent visual acuity measurement was 
2.3 years (range, 8 days to 11.8 years). 

Table 1 presents visual acuities by 
interval in months after cataract ex- 
traction. Of the 64 patients with acu- 
ities measured between 4 and 6 months 
after extraction, visual acuity was 
20/100 or better in over half of the 
patients and 20/40 or better in 30%. 
However, vision worsened with time 
after extraction. By 3 years after sur- 
gery (the 31- to 42-month interval), 
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Variable 


No. (%) of Patients Based on Time After Extraction, mo 


7-18 19-30 


31-42 


43-54 





No. followed up* 


71 55 41 


30 





Total No. of patients * 


78 64 46 


35 





Change in lines 


+7 or more 36 (57) 


24 (44) 


12 (29) 





+3 to6 7 (11) 


5 (9) 


6 (15) 





+2to —2 17 (27) 


17 (31) 


17 (41) 





—3 or more 3 (5) 


9 (16) 





6 (15) 


* Number followed up includes number of patients with visual acuity measured within the specified interval after extraction, and total number, the number 
known to be alive up to the end of the specified interval (one patient who had a 6- and 12-month postextraction visual acuity was excluded because no pre- 


extraction acuity was available). 


Table 3.—Reasons for Poor Visual 
Acuity (Worse Than 20/200) 1 Year 
After Cataract Extraction 


No. of 
Patients 


Reason (n = 34) 


No. of 
Factor 


Patients 


95% Cl 





Age at extraction, y 
= 60 27 





=61 53 


0.70-1.89 





Retinal detachment 
Neovascular glaucoma 
Age-related macular degeneration 
Old vitreous hemorrhage 
Radiation retinopathy 
Unknown 
Optic atrophy 
Tumor-related glaucoma 
Phacolytic glaucoma 
Enucleation after tumor growth 
Enucleation due to corneal ulcer 
Multiple reasons 
Diabetic and radiation retinopathy 
Subretinal exudate and postcapsular 
opacities 
Choroidal effusions and extensive 
subretinal fluid 
Vitreous debris, capsular haze, and 
keratopathy 
Cystoid macular edema and intraocular 
lens deposits 


=A 
Oda = NO MONWMHO 





visual acuity was 20/100 or better in 
one third of patients and hand motion 
or worse in 39%. 

Table 2 shows lines of visual im- 
provement or loss relative to the 
preextraction visual acuity during var- 
ious intervals after extraction. Be- 
tween 4 and 6 months, the majority of 
patients gained 3 or more lines, and 
57% gained 7 or more lines of vision 
relative to the preextraction vision. By 
3 years (the 31- to 42-month interval) 
after extraction, 44% retained 3 or 
more lines of improvement and 15% 
had lost 3 or more lines of vision. 

The reasons for poor visual acuity 
(worse than 20/200) one year after 
cataract extraction are listed in Table 
3. This information was available for 32 
of the 34 patients with visual acuity 
worse than 20/200 one year after ex- 
traction. The most common single rea- 
son for poor vision was retinal detach- 
ment: either long-standing serous 
(n=8) or traction-related (n= 2) retinal 
detachment was the reason in 10 (31%) 
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Visual acuity at baseline 
=20/50 46 





= 20/60 34 


0.97-2.41 





Distance of tumor from disc/macula 


>2 DD disc or macula 39 





<2 DD disc or macula 41 


0.87-2.16 





Tumor diameter at baseline, mm 
<15 35 





>15 45 


1.63-6.48 





Tumor height at baseline, mm 
<6 24 





=>6 56 


1.74-12.53 





Type of surgery 
ECCE with lens 50 








Other 30 


1.03-2.58 





* Analyses include 80 patients with complete prognostic data and any visual acuity follow-up. For pa- 
tients lacking a 1-year measurement, the visual acuity measured closest to the 7- to 18-month postex- 
traction interval was used as the 1-year estimate. RR indicates risk ratio adjusted for age at cataract ex- 
traction; Cl, confidence interval; DD, disc diameter; and ECCE, extracapsular cataract extraction. 


of the 32 patients; the eye had been 
enucleated in one of these patients. 
Neovascular glaucoma accounted for 
five more cases (one was enucleated), 
age-related macular degeneration for 


three cases, and a variety of other 


causes were responsible for the re- 
maining cases. Twenty of the 34 pa- 
tients had visual acuity worse than 
20/200 before the onset of cataract or 
at the time of irradiation. 
Age-adjusted risk ratios for poor 
vision (worse than 20/200) 1 year after 
cataract extraction were estimated for 
variables likely to affect postsurgical 
vision” (Table 4). Excluded from 
these analyses were two patients with 
iris melanomas who lacked tumor 
height measurements, one patient 
with no vision follow-up, and one pa- 
tient whose tumor had been excised 
before irradiation and whose preexci- 
sion tumor measurements were un- 
available. Of the remaining 80 pa- 
tients, 11 lacked a 1-year post- 
extraction visual acuity measurement. 
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For these patients, the visual acuity 
measured closest to the 7- to 18-month 
postextraction interval was used as the 
1-year estimate; 39 (49%) of 80 patients 
with complete prognostic data and any 
vision follow-up were classified as hav- 
ing a visual acuity worse than 20/200 
one year after cataract surgery. 

Risk ratios were significantly ele- 
vated for tumor height and largest 
basal tumor diameter. Adjusting for 
age at extraction, patients with tumors 
over 6 mm in height had 4.7 times the 
risk of poor vision compared with pa- 
tients with less elevated tumors. 
Those with tumors more than 15 mm in 
basal diameter had 3.3 times the risk. 
The influence of the type of cataract 
procedure was evaluated, and those 
undergoing extracapsular cataract ex- 
traction with intraocular lens place- 
ment had a significantly lower risk of 
poor visual results 1 year after cata- 
ract extraction. None of the remaining 
factors significantly influenced visual 
outcome. 
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Visual acuity 1 year after cataract 
extraction varied according to the indi- 
cation for cataract removal. The medi- 
an 1-year visual acuity was hand mo- 
tions (range, 20/40 to no light 
perception) for mature cataract, 20/200 
(range, 20/20 to no light perception) for 
improvement of vision, and 20/80 
(range, 20/20 to no light perception) for 
dense or nearly mature cataract. 


Complications After Cataract Extraction 


Postsurgical complications occurred 
in 13 (16%) of 79 patients for whom 
details concerning the postsurgical 
course were available. Total retinal 
detachment developed in two patients 
after cataract surgery. Vitreous hem- 
orrhage, hyphema, and chronic iritis 
with detached retina were diagnosed 
in one patient each. A corneal wound 
leak developed in one patient 6 months 
after cataract extraction, which was 
subsequently repaired. However, a 
small filtering bleb was seen to persist 
at the most recent evaluation. Two 
patients developed an inflammatory 
reaction in the anterior chamber after 
surgery. One of these patients re- 
quired additional surgery for deepen- 
ing of the anterior chamber and the 
second patient was treated with ste- 
roids. Spontaneous choroidal effusions 
with serous retinal detachment oc- 
curred in one patient. The condition 
improved without treatment but later 
recurred; neovascular glaucoma and 
total hyphema also developed later. 
Neovascular glaucoma was diagnosed 
after cataract extraction in two other 
patients. One eye in a patient with 
neovascular glaucoma before cataract 
extraction became phthisical after cat- 
aract surgery and photocoagulation for 
the neovascular glaucoma. A final pa- 
tient with radiation keratitis before 
cataract extraction (the surgery was 
accompanied by penetrating kerato- 
plasty) developed a sterile corneal melt 
with imminent perforation, and enucle- 
ation was performed. 

Five other patients also underwent 
enucleation subsequent to cataract ex- 
traction. Two patients who developed 
total retinal detachment after cataract 
surgery elected enucleation because 
the affected eye had no visual potential 
and was uncomfortable. Another pa- 
tient with a large retinal detachment 
before cataract surgery underwent 
enucleation for similar reasons. A 
fourth patient developed uncontrolla- 
ble neovascular glaucoma, and a fifth 
patient with a previously undiagnosed 
ring melanoma underwent enucleation 
after continued growth of the tumor 
was detected. 

Two of the 84 patients who under- 
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went cataract extraction developed ex- 
trascleral extension of the tumor 16 
and 42 months later. Neither recur- 
rence developed on or adjacent to the 
area of the cataract wound incision. 


Survival in Relation 
to Cataract Extraction 


The influence of cataract extraction 
on the occurrence of metastases was 
evaluated in 1157 patients treated 
through December 1987 who had uni- 
lateral choroidal or ciliary body mela- 
nomas and were free of metastases at 
baseline examination. Excluded from 
analysis were four patients without 
follow-up data (all from outside the 
United States) and five patients with- 
out tumor height or largest tumor di- 
ameter measurements. The median 
follow-up after proton-beam irradia- 
tion among the remaining 1148 pa- 
tients in the series was 60 months 
(range, 1 month to 15.2 years). Of 
these 1148 patients, 78 underwent cat- 
aract extraction after proton-beam ir- 
radiation. Overall, metastases were 
diagnosed in 192 patients, and in 
11 patients after cataract extraction; 
the median time between cataract sur- 
gery and diagnosis of metastases in 
these 11 patients was 10 months 
(range, 3 to 43 months). 

Based on proportional-hazards anal- 
ysis, which treated cataract extraction 
as a time-varying covariate, crude ana- 
lyses suggested some increase in risk 
of metastases associated with cataract 
surgery (rate ratio, 1.46; 95% confi- 
dence interval [CI], 0.78 to 2.73). How- 
ever, after adjusting for potential con- 
founding by established risk factors for 
metastases after proton-beam treat- 
ment” (covariates included in the mod- 
el were largest tumor diameter and 
tumor height, age at irradiation as a 
continuous variable, location of anteri- 


or tumor margin [posterior or anterior 


to the equator, with or without ciliary 
body involvement], and presence or 
absence of extrascleral tumor exten- 
sion), the rate ratio for cataract sur- 
gery dropped to less than one (relative 
risk, 0.83; 95% CI, 0.44 to 1.57). 


COMMENT 


Results of this investigation suggest 
that visual acuity improves in the ma- 
jority of patients after cataract extrac- 
tion, but the beneficial effect may only 
last a short time in some eyes. Two 
years after cataract surgery, over half 
of the group had sustained improve- 
ment in vision. In the remaining pa- 
tients, visual acuity was the same or 
worse than preextraction levels. Grad- 
ual visual decline in these patients 
parallels that of proton-irradiated pa- 


tients in general,*" with the most com- 
mon causes of poor vision being retinal 
detachment and neovascular glauco- 
ma.” Visual loss directly attributable to 
the cataract surgery was uncommon in 
this series. 

The major factors predicting visual 
loss after proton irradiation are height 
of the tumor and location of the tumor 
relative to the optic disc and macula." 


In the group of patients who under- 
went cataract extraction, tumor size 
was positively associated with poor 
vision after extraction, whereas prox- 
imity to both the disc and macula was 
only weakly associated with visual out- 
come. Patients who underwent extra- 
capsular cataract extraction with pos- 
terior chamber implantation had 
better visual outcome. Numbers did 
not permit an evaluation of the inde- 
pendent influence of these factors on 
vision after cataract extraction. 

Augsburger and Shields’ studied 
seven patients who underwent extrac- 
tion of mature cataracts after cobalt 
plaque therapy for intraocular melano- 
ma, and none had visual acuity better 
than 20/300 after a mean follow-up of 
31 months. Reasons reported for poor 
vision were radiation retinopathy, op- 
tic neuropathy, macular edema, and 
expulsive choroidal effusic... These re- 
sults are similar to those seen in pa- 
tients in this series with mature 
cataracts whose median 1-year postex- 
traction visual acuity was hand mo- 
tions. Fish et al recently reported 
results in a group of 11 eyes that 
underwent cataract extraction after 
brachytherapy of choroidal melanoma. 
The median postextraction visual acu- 
ity was 20/50 to 20/60 after a mean 
follow-up of 22 months. 

Results after cataract extraction 
among children irradiated for retino- 
blastoma have also been reported.’ Af- 
ter a mean postextraction follow-up of 
72 months, 19 (45%) of 42 treated eyes 
had a visual acuity between 20/20 and 
20/50. Presence of macular tumors 
worsened the prognosis in these eyes; 
final visual acuities ranged from 20/80 
to counting fingers in the 12 eyes with 
paramacular tumors. 

Complications of cataract surgery 
did occur in our series, but their preva- 
lence was relatively low. Serous and/or 
rhegmatogenous retinal detachment 
occurred after cataract extraction in 
three (4%) of 84 patients. Other known 
complications of cataract surgery oc- 
curred in low numbers. Neovascular 
glaucoma was diagnosed in three pa- 
tients after cataract surgery. These 
diagnoses may be unrelated to the 
cataract surgery since approximately 
10% of patients will develop neovascu- 
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lar glaucoma after proton irradiation." 
Evidence of extrascleral extension af- 
ter cataract surgery was found in two 
(2%) of 84 patients. In both instances, 
new tumor developed away from the 
area of the cataract wound incision. 
The rate of recurrence in the group 
that underwent cataract extraction 
was not higher than the overall inci- 
dence of tumor recurrence after proton 
irradiation.” 

Of particular concern is the possibili- 
ty that cataract extraction may worsen 
survival of patients undergoing the 
surgery. We addressed this issue by 
using a statistical approach that con- 
sidered cataract extraction as a time- 
varying covariate. This method takes 
into account the fact that any influence 
of the surgery on survival can only 
begin after the cataract has been ex- 
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tracted. Failure to use such an ap- 
proach creates a bias toward a protec- 
tive effect associated with cataract 
surgery; the estimate for cataract sur- 
gery derived in a conventional Cox 
model was 0.42 (95% CI, 0.23 to 0.79), 
indicating a statistically significant 
survival advantage associated with 
cataract surgery. Using the time-vary- 
ing approach and adjusting for prog- 
nostic factors for metastases that are 
also correlated with cataract develop- 
ment and surgery, the rate ratio for 
cataract extraction was close to one 
and nonsignificant. Although we can- 
not exclude the possibility of a small 
detrimental influence of the surgery on 
survival (the upper limit of the CI was 
1.6), our data provide some assurance 
that cataract surgery is not likely to 
promote the occurrence of metastases. 
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Clinical Risk Factors for Failure in Glaucoma Tube Surgery 


A Comparison of Three Tube Designs 


Michael J. Lavin, FRCS, FCOphth; Wendy A. Franks, FRCS, FCOphth; 
Richard P. L. Wormald, MSc, FRCS, FCOphth; Roger A. Hitchings, FRCS, FCOphth 


è We studied a cohort of 165 eyes that 
had undergone tube implant surgery for 
glaucoma, with a minimum follow-up of 
12 months (range, 12 to 72 months). Of 
the 57 cases (34.5%) in which surgery 
failed to control intraocular pressure 
(less than 22 mm Hg), 15 (26%) occurred 
by 3 months, 36 (63%) by 12 months, and 
46 (80%) by 24 months. Cox regression 
modeling was used to evaluate indepen- 
dent risk factors in the absence of addi- 
tional therapy. The use of a two-piece 
(anterior chamber-to-encircling band) 
tube system was associated with a 
2.4 times higher risk of failure (P<.001) 
compared with a one-piece system. Neo- 
vascular glaucoma was associated with 
a 2.1 times higher risk of failure (P<.037) 
than other types of glaucoma. Late fail- 
ure of tube implant surgery is common 
and there is a steady attrition rate over a 
2-year follow-up period. 

(Arch Ophthalmol. 1992;110:480-485) 


WV arious glaucoma tube implants 

have been used to improve the 
success of glaucoma-filtering sur- 
gery, while their applications have 
been extended from neovascular glau- 
comas to other severe glaucomas. 
There is little information on the long- 
term results of tube implants in non- 
neovascular glaucomas. It is not 
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known whether the underlying diag- 
nostic category influences the outcome 
of tube surgery, or whether previous 
clinical and surgical interventions are 
important. A variety of tube designs 
are in common clinical usage and it is 
not clear whether major differences in 
outcome exist between these designs. 

To address these questions we con- 
ducted a retrospective study of all tube 
implantations performed during a 
6-year period in the Glaucoma Unit at 
Moorfields Eye Hospital, London, En- 
gland. 

Independent risk factors for tube 
failure were determined using Cox re- 
gression analysis. 


MATERIALS AND METHODS 


We reviewed the results of all cases of 
tube surgery at Moorfields Eye Hospital 


‘performed by one of us (R.A.H.) in the 6- 


year period between 1984 and 1989. Cases 
were identified from a database of patients 
undergoing glaucoma tube surgery. All case 
notes were reviewed, and patients were 
recalled for reexamination when data were 
incomplete or follow-up was inadequate. 
Only eyes operated on under the supervi- 
sion of one of us (R.A.H.) and having a 
minimum of 12 months’ follow-up were in- 
cluded. Eyes that had undergone previous 
tube surgery elsewhere were excluded. 

Data were entered into a database 
(dBASE III Plus, Borland, Scotts Valley, 
Calif) using an IBM-compatible micro- 
computer. 

The objective of tube implant surgery 
was to reduce intraocular pressure (IOP). 
Success was defined as an IOP of 21 mm Hg 
or less without additional medication, and 
partial success as IOP of 21 mm Hg or less 
with additional medications. Intraocular 
pressure was measured using Goldmann 


applanation tonometry. Eyes with an IOP 
of 22 mm Hg or greater requiring cyclode- 
structive procedures or further surgery 
(other than procedures to remove the iris or 
vitreous from the proximal tube opening) to 
control IOP were deemed failures. Visual 
field or visual acuity changes were not 
included in the definition of success. 

The techniques of tube surgery evolved 
during the study period. In the initial years 
from 1984 to 1986, a two-piece design 
(ACTSEB) as described by Schocket et al” 
was routinely used. From 1985, a one-piece 
design was used, together with hyaluronate 
sodium (Healon) in the tube lumen and the 
anterior chamber. From 1986, tube liga- 
tures were used to temporarily occlude 
outflow and avoid postoperative hypotony.” 
More recently (since 1987), Molteno tubes 
have been used. 

Two-piece tubes consisted of a silicone 
band (20S, John Weiss & Son, London, 
England) inverted and placed at 360° and 
positioned 12 mm from the limbus. A tube 
made from medical grade silicone rubber 
and with an internal diameter of 0.30 mm 
was secured to the inner aspect of the 
inverted silicone band with a 10-0 nylon 
suture. 

One-piece tubes consisted of Joseph 
tubes”* constructed of silicone rubber and 
comprising a tube with internal diameter of 
0.30 mm attached via silicone rubber adhe- 
sive to a silicone rubber strap 9 mm wide 
and approximately 1 mm thick. The tube 
has a slit valve in its side located at the 
point of attachment to the plate; the slit 
valve is calibrated to open at a pressure 
between 4 and 20 mm Hg. One-piece tube 
systems were subsequently constructed at 
surgery using silicone tubes and plates of 
similar dimensions and medical grade cya- 
noacrylate glue (Histacryl, Dow Corning, 
New York, NY). The system is similar to 
the Joseph tube but does not have a cali- 
brated opening valve. 
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Molteno tubes (one-piece and two-piece) 
have been used since 1988 and were im- 
planted using a similar technique. The Mol- 
teno plates were secured to the sclera with 
8-0 nylon sutures (Ethilon). Other aspects 
of surgery, such as the use of a thick scleral 
flap and tube ligation, were similar to those 
used in one-piece and two-piece systems. 

All patients were receiving maximum tol- 
erated medical therapy prior to surgery. 
Intravenous mannitol was given 1 hour 
before surgery when IOP was greater than 
40 mm Hg. 

After surgery, all eyes received topical 
antibiotic and steroid therapy together with 
mydriatics. Glaucoma medications were 
used when necessary to control raised IOP 
in eyes with ligated tubes, and withdrawn 
as the ligating suture was absorbed. Topical 
steroids were discontinued between 8 and 
12 weeks after surgery in most eyes; a small 
number of eyes with glaucoma secondary to 
inflammatory eye disease received topical 
steroid therapy. The systemic antifibrosis 
therapy advocated by Molteno et al’ was 
not used in any patient in this series. Sub- 
conjunctival fluorouracil was administered 
to 15 of the 22 eyes that received Molteno 
tubes. 

Age and IOP data were compared using 
Student’s ¢ test, surgical success was as- 
sessed with the log-rank test (Mantel- 
Haenszel test), stratified variables with the 
x test, and nonnormal variables with the 
Mann-Whitney test. 

Multivariate analysis included variables 
for age, sex, race, glaucoma diagnosis, 
whether the eye was aphakic or previously 
vitrectomized, number of previous ocular 
operations, number of previous operations 
transgressing the conjunctiva, number of 
glaucoma operations, duration of topical 
glaucoma therapy, number of topical glau- 
coma agents, duration of glaucoma, preop- 
erative visual acuity, final visual acuity, 
preoperative IOPs, degree of optic disc 
cupping, tube design (one-piece, two-piece, 
or Molteno), intercurrent surgery (ie, sur- 
gery for reasons other than tube outflow 
obstruction required after tube surgery and 
before failure or final follow-up), and dura- 
tion of control with or without additional 
therapy. 

Cox proportional-hazards regression 
analysis was used to determine whether 
there were any factors influencing likeli- 
hood of surgical failure for the one-piece 
and two-piece tubes independently. Mol- 
teno tubes were not included in this part of 
the statistical analysis because numbers 
were too small. Two models were tested, 
with definition of failure being a persistent 
increase in IOP to over 21 mm Hg without 
any additional glaucoma medication in the 
first model, and despite maximum glaucoma 
medication in the second. In patients who 
underwent tube surgery to both eyes, only 
the first operated eye was considered for 
purposes of statistical modeling. The model 
was run on an IBM-compatible microcom- 
puter using the Egret statistical package 
(SERC). Details of the modeling procedure 
were described in a previous paper.” Fol- 
low-up time was influenced by tube type 
because surgical practice changed over 
time. To control for this, a maximum of 
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Table 1.—Comparison Between Eyes Undergoing One-Piece and Two-Piece 
Tube Implants* 






Comparison Between 
Groups, Pt 


































































































































































































One-Piece Two-Piece Molteno = =————_-_—_____. 
Variable (n=57) (n=86) (n=22) 1vs2 1vsM 2vs M? 
Age, y 
Mean + SD 33.3 + 22.0 39.9+ 183 35.9+169  .054 NS NS 
95% Cl (27.5-39.2)  (36.0-43.9)  (28.4-43.4) 
No. (%) aged 
<30 y 31 (54.3) 26 (30.2) 10 (45.4) .014+ 
No. (%) aged 
<12y 6 (10.5) 8 (9.3) 2 (9.0) 0474 
Sex, No. (%) 
male 32 (56.1) 56 (65.1) 22 (100) NS NS NS 
Race, No. (%) 
black 2 (3.5) 2 (2.3) 3 (13.6) 
No. (%) of previous operations 
None 5 (8.7) 3 (3.4) 3 (13.6) 
1 15 (26.3) 10 (11.6) 0 
2 15 (26.3) 21 (24.4) 12 (54.5) 
3 10 (17.5) 18 (20.9) 3 (13.6) a 
>3 12 (21.0) 34 (39.5) 2 (9.0) 02+ 
Ocular status, No. (%) 
Aphakia 28 (49.1) 53 (61.6) 15 (68.1) NS 
Previous vitrectomy 10 (17.5) 23 (26.7) 6 (27.2) NS 
Duration of glaucoma, y 
Mean + SD 6.0 + 6.0 7.4 + 8.0 2.7 + 3.4 NS .019 
Median 4 4.5 1.5 
95% CI (4.3-7.6) (5.7-9.1) (1.1-4.2) 
Duration of topical therapy, y 
Mean + SD 5.0 + 4.7 62's 7.1 2.7 + 3.4 NS .036 .030 
Median 4 3 1.5 
95% Cl (4.7-7.7) (3.8-6.3) (1.1-4.2) 
No. of topical agents 
Mean + SD 2.0 + 0.9 2.0'+ O76 1.9 £0.29 NS NS 
Median 2 2 2 
95% Cl (1.7-2.2) (1.8-2.1) (1.77-2.03) 
No. of conjunctival operations 
Mean + SD 1.7 + 1.4 2.6: + 1.6 2.0 + 1.2 .001 NS NS 
Median 2 2 2 
95% Cl (1.3-2.0) (2.2-2.9) (1.4-2.6) 
No. of glaucoma operations 
Mean + SD 12 tié 1.9 + 1.6 0.9 + 1.0 .01 NS <.001 
Median 1 2 1 
95% CI (0.9-1.6) (1.5-2.3) (0.4-1.3) 
Optic disc, No. 





No data 
Normal 


10 18 2 
8 11 5 



















































Cupped 23 31 8 
Advanced cup 
(=0.9) 16 26 7 NS 
Duration of postoperative follow-up, mo 
Mean + SD 32.0 +141 43.9+ 18.0 168+ 12.1 
Median 29 41 13 eS EEA Site 
95% Cl (28.3-35.8) (40.0-47.7) (11.4-22.1) <.001 <.001 <.001 











Intercurrent surgery, No. (%) 
Anterior block/ 
















tube reposition§ 10 (17.5) AIZA 2 (9.0) NS 
Conjunctival 
dehiscencel| 6 (10.5) 15 (17.4) 1 (4.5) NS <a 





"1 vs 2 indicates one-piece vs two-piece; 1 vs M, one-piece vs Molteno; 2 vs M, two-piece vs Mol- 
teno; Cl, confidence interval; and NS, not significant. 

tDirect comparisons between two of the three groups. Differences between groups were considered 
Statistically significant, and do not indicate an association with outcome. 

Comparisons were made using x° test. 

§Cases requiring surgery to repair occlusion of the intraocular portion of the tube that was blocked 
by iris, vitreous, or lens matter. 

||Cases requiring surgical repair of conjunctival defects that developed in relation to the tube. 
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Table 2.—Diagnosis of Glaucoma in 165 Eyes Based on Tube Type 


No. (%) of Patients 


Two-Piece 
11 (6.6) 
11 (6.6) 
10 (6.0) 

7 (4.2) 
26 (15.7) 
4 (2.4) 


One-Piece 
2 (1.2) 


Diagnoses 
Primary open angle 
Buphthalmos 10 (6.0) 
Inflammatory 9 (5.4) 
Rubeotic 7 (4.2) 
Postsurgical 7 (4.2) 
Posttrauma 3 (1.8) 
Developmental 15 (9.0) 12 (7.3) 

4 (2.4) 5 (3.0) 
57 86 



































No. of Eyes 
rt 
Two-Piece One-Piece Molteno Total 


165 (100%) 
134 (81.2%) 
124 (75.2%) 
97 (58.8%) 
77 (46.7%) 


Follow-up, mo 





=12 86 57 
=18 81 48 
=24 79 41 
=30 68 27 
=36 52 23 

















Table 4.—Comparison of Preoperative and Postoperative Intraocular Pressures 
(IOPs) in All Eyes Based on Tube Type* 


IOP, mm Hg One-Piece Two-Piece Molteno 


Preoperative 
Mean + SD 40.0 + 11.7 41.4 + 9.9 40.4 + 10.3 


Median 40.0 41.0 41.0 
95% CI (36.8-43.1) (39.3-43.6) 38.8-44.9) 


12 mo postoperative 
Mean + SD 15.1 + 8:9 16.9 + 7.8 14.2 + 9.8 


Median 16 17 14 
95% Cl (20.9-28.7) (21.8-27.2) (19.9-32.2) 


Differences between preoperative and postoperative IOPs 
P < .001 P < .001 P < .001 


* Comparisons between the one-piece and two-piece tubes, one-piece and Molteno, and two-piece 
and Molteno were not significant. CI indicates confidence interval. 


Table 5.—Successful Intraocular Pressure Control at 12 Months 
Based on Tube Type* 


nai Ay sa ann Between Groups 











































One-Piece Two-Piece Molteno 
Variable (n=35) (n=27) (n=10) Tvs 2 1vsM iva TOM oven vs M 
Mean + SD 14.7 + 5.6 15.5 + 6.6 8.7 + 6.5 NS P=.006 P=.008 
Median 15 16 8.5 
95% Cl (12.8-16.7) (12.8-18.1) ` (3.9-13.4) 








*1 vs 2 indicates one-piece vs two-piece; 1 vs M, one-piece vs Molteno; 2 vs M, two-piece vs Mol- 
teno; NS, not significant; and Cl, confidence interval. 









Table 6.—Successful and Partially Successful Intraocular Pressure Control 
at 12 Months Based on Tube Type* 





Comparison Between Groups 











One-Piece Two-Piece Molteno — 
Variable (n=47) (n=60) (n=17) 1vs2 1vsM 2vsM 
Mean +SD 16.1 + 6.8 16.4 + 6.2 11.9 +68 NS P=.032 P=.012 
Median 16.0 17.0 12.0 
95% Cl (14.1-18.1) (14.8-18.0) (8.4-15.4) 








*1 vs 2 indicates one-piece vs two-piece; 1 vs M, one-piece vs Molteno; 2 vs M, two-piece vs Mol- 
teno; NS, not significant; and Cl, confidence interval. 
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2 years’ follow-up was included in the model 
for either tube type and analyzed as if both 
groups started at time zero. 


RESULTS 
Study Group 


We identified 210 patients who had 
undergone tube implant surgery dur- 
ing the study period. Forty-two pa- 
tients with a follow-up period of less 
than 1 year were excluded. Three pa- 
tients who had undergone tube sur- 
gery before referral to Moorfields Eye 
Hospital were also excluded. A total of 
165 patients with a minimum follow-up 
of 1 year were identified and form the 
data set for this study. Patients with 
both eyes operated on were included in 
this study; 20 pairs of eyes were in this 
category. 


Preoperative Characteristics 


Table 1 shows the preoperative 
characteristics, and Table 2, a compar- 
ison of the diagnostic groups by tube 
design. 

All 165 eyes were followed up for a 
minimum of 12 months: 124 eyes (75%) 
for 24 or more months, and 77 eyes for 
36 or more months (Table 3). Several 
differences in the preoperative charac- 
teristics of the different tube types 
were identified. The fewer previous 
operations for one-piece tubes (P<.01 
compared with two-piece; Table 1), 
younger age at surgery for one-piece 
(P =.054 compared with two-piece sys- 
tems; Table 1), together with a shorter 
duration of glaucoma for Molteno tubes 
(P<.02 compared with one- and two- 
piece systems; Table 1), reflect a trend 
for tube surgery to be considered at 
earlier stages of disease as our experi- 
ence increased. Cox regression analy- 
sis indicated that these factors did not 
contribute significantly to the risk of 
failure. 


IOP Control 


No difference in preoperative IOPs 
was found between eyes treated with 
different styles of tube implant 
(Table 4). 

At 12 months, there was a tendency 
for eyes with one-piece tubes to have 
lower IOPs (95% confidence interval 
[CI], 13.0 to 17.8 mm Hg) than eyes 
with two-piece tubes (95% CI, 15.2 to 
19.5 mm Hg). This difference was not 
statistically significant (P =.267). Eyes 
with Molteno tubes had IOPs ranging 
between those with the one- and two- 
piece tubes. 

Among eyes with successful IOP 
control without additional therapy, 
eyes with Molteno tubes had signifi- 
cantly lower pressures at 12 months 
(P<.001; Table 5). 
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Glaucoma No. of 





Table 7.—Probability of Intraocular Pressure Control With or Without Medication 
for Different Diagnostic Groups* 



































































* CI indicates confidence interval. 


Failures, % 


“H 


0 
O 6 12 18 24 30 36 42 48 54 60 66 
Time, mo 
Fig 1.—The time at which failure occurred for 
all eyes that failed to maintain an intraocular 
pressure of 21 mm Hg or less with or without 
additional medication. 


Probabilty of Success 





0 3 6 9 12: 15 
Time, mo 


18 21 24 


Fig 2.—Comparison of tube types based on 
the probability of successful control of intra- 
ocular pressure below 22 mm Hg in the ab- 
sence of additional medication. Vertical bars 
represent 95% confidence intervals for suc- 
cess at 12 months. Solid line represents the 
one-piece; dashed line, the two-piece; and 
dotted line, the Molteno tubes. 


Successful lowering of IOP was dif- 
ferent for each tube type, with the 
highest being in the one-piece system 
(probability, .612 at 12 months) and 
the lowest in the two-piece tubes 
(probability, .267 at 12 months), with 
Molteno tubes having intermediate 
results. 
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Diagnosis Patients 12 mo 95% CI 24 mo 95% Cl 
Inflammatory 26 846 (.706-.985) 651 (.430-.870) 
Developmental 29 825 (.685-.964) 779 (.620-.937) 
Buphthalmos 21 810 (.642-.977) 642 (.427-.858) 
Primary open 

angle 15 .800 (.598-1.00) .720 (.485-,955) 
Postsurgical 35 769 (.629-.910) .708 (.555-.861) 
Posttrauma 11 .727 (.464-.990) .436 (.08-.780) 
Others 10 .70 (.416-.984) 70 (.416-.984) 
Rubeotic glaucoma 18 44 (.210-.670) 440 (.210-.670) 








Probability of IOP Control 
C=NWRODNDO= 


0o- 3 6. 3912 5 
Time, mo 


Fig 3.—Comparison of tube types based on 
the probability of control of intraocular pres- 
sure below 22 mm Hg with or without addition- 
al medication for success or partial success. 
Vertical bars represent 95% confidence inter- 
vals for success or partial success at 
12 months. 


18 21 24 


Probabilty of Success/Partial Success 


0 3 & 912 
Time, mo 


15 18 21 24 


Fig 4.—The probability of control of intraocu- 
lar pressure below 22 mm Hg with or without 
additional medication for the 30 eyes that 
underwent surgical revision for tube fibrosis. 
Vertical bars represent 95% confidence inter- 
vals at 12 months. Solid line represents the 
one-piece; dashed line, the two-piece; and 
dotted line, the Molteno tubes. 


The probabilities of success or par- 
tial success at 12 months varied be- 
tween groups and are summarized in 
Table 6. There was no significant dif- 
ference between one- and two-piece 
tubes, but Molteno tubes had signifi- 
cantly lower pressures than the one- 
and two-piece systems (P<.05). 


































The probability of control with or 
without additional medication was not 
significantly different between the un- 
derlying diagnostic groups but was the 
least likely for rubeotic glaucoma 
(P=.44; 95% CI, .210 to .670) and 
highest for inflammatory glaucomas 
(P=.84; 95% CI, .706 to .985; Table 7). 


Tube Failure 


Failure to achieve an IOP of 21 mm 
Hg or less with or without additional 
medication occurred in 57 eyes (35%) 
during the follow-up period (Fig 1). 
While 51% of these failures occurred 
during the first 6 postoperative 
months, and 65% within the first year, 
many further failures occurred during 
the later follow-up. Kaplan-Meier 
graphs are used to summarize the data 
(Figs 2 and 3). 


Cox Regression Analysis of Independent 
Risk Factors for Tube Failure 


Cox proportional-hazards regression 
analysis showed that success without 
additional medication was significantly 
more likely with one-piece tubes than 
with two-piece tubes (Table 8). 

Increasing age, diagnosis of primary 
open angle glaucoma, and the number 
of previous glaucoma medications were 
significant contributors to the model, 
but the hazard ratios for these vari- 
ables were not statistically significant. 

Rubeosis was the only diagnostic 
category significantly associated with 
failure. 


Surgical Revision of Tube Failure 
Due to Fibrosis 


Revision of the fibrous capsule was 
performed in 30 eyes, and the probabil- 
ity of successful IOP control after one 
revision operation, with or without ad- 
ditional therapy, was .53 at 12 months 
(Fig 4). As with failures of first tube 
operations, failures of revision surgery 
continued to occur beyond 1 year. 


Complications 


Table 9 lists the complications. 
Phthisis bulbi occurred in 13 eyes 
(97.7%), of which seven had rubeotic 
glaucoma; phthisis was seen in five 
after tube failure. Other causes of 
phthisis were suprachoroidal hemor- 
rhage (n=3), epithelialization of the 
anterior chamber (n=1), inoperable 
retinal detachment with proliferative 
vitreoretinopathy (n= 1), and suppura- 
tive keratitis with corneal perforation 
(n= 1). 

Hypotony (IOP less than 4 mm Hg) 
was identified in 12 eyes at the 
12-month follow-up. Inoperable retinal 
detachment due to proliferative reti- 
nopathy was seen in two eyes; hypo- 
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Table 8.—Factors Contributing to the Risk of Tube Failure in the Absence 
of Additional Medication* 












95% 


























Hazard Confidence 
Variable Ratiot Interval P 

One-piece tube 0.41 (0.24-0.70) .001 
Two-piece tube 2.41 (1.42-4.10) .001 
Rubeotic glaucoma 2.14 (1.04-4.39) .037 
No. of topical 

glaucoma agents} 1.25 (0.92-1.69) 143 
Primary open angle 

glaucomat 1.51 (0.73-3.14) .261 
Older aget 1.00 (0.98-1.01) 





* Factors were tested using Cox regression analysis. Other factors tested, which did not influence the risk 
of failure, included sex, race, whether the eye was aphakic or previously vitrectomized, number of previous oc- 
ular operations, number of previous operations transgressing the conjunctiva, number of glaucoma operations, 
duration of topical glaucoma therapy, duration of glaucoma, preoperative visual acuity, final visual acuity, pre- 
operative intraocular pressures, degree of optic disc cupping, and intercurrent surgery (ie, surgery for reasons 
other than tube outflow obstruction required after tube surgery and before failure or final follow-up). 

+A hazard ratio of less than 1 indicates a protective effect, while a ratio of greater than 1 indicates an 
adverse effect. 

+These variables contributed to the fit of the model, although the individual hazard ratios did not reach 


statistical significance. 


Table 9.—Complications During 12 
Months’ Follow-up (N= 165) 


No. of 
Complications Patients 


Conjunctival dehiscence 23 
Tube migration 
Chronic hypotony 11 
Serous retinal detachment 
Rhegmatogenous retinal 
detachment 
Corneal decompensation 
Phthisis bulbi 
Suprachoroidal hemorrhage 
Cataract 
Endophthalmitis 








tony resolved in one after 12 months’ 
follow-up. 

Four eyes with serous retinal de- 
tachment were previously described." 
Five eyes developed rhegmatogenous 
retinal detachment. 

Penetrating keratoplasty was per- 
formed in eleven eyes (6.6%) following 
tube implant surgery. Preexisting in- 
trinsic corneal disease was present in 
six of these eyes (aniridia in two and 
iridocorneal endothelial syndrome, 
Reigers syndrome, Fuchs corneal dys- 
trophy, and epithelialization of the an- 
terior chamber in one each). In five 
eyes multiple surgery was implicated 
in corneal decompensation; of these, 
three had tube-corneal endothelial 
touch. 

Conjunctival dehiscence occurred in 
23 eyes, of which 22 required surgical 
revision. Fewer cases occurred when 
the suture lines overlying explants 
were discovered to be the principal 
reason for these dehiscences and con- 
junctival incisions were altered. 

Tube migration occurred in four 
eyes, of which three had two-piece 
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tubes and were due to disruption of the 
suture securing the tube to the plate. 


COMMENT 


There are few studies of the long- 
term behavior of eyes with glaucoma 
tube implants. Heuer et al” reported 
37 eyes with a minimum follow-up of 
3 months. A minimum follow-up of 
6 months is reported in only a few 
studies, ™” while only one report has a 
minimum follow-up of 11 months or 
more.” This study shows that the diag- 
nosis of underlying glaucoma may in- 
fluence the likelihood of success of tube 
implant surgery. 

Certain types of glaucoma refrac- 
tory to trabeculectomy surgery have 
been previously identified, namely 
aphakic glaucoma,” neovascular glau- 
comas,” glaucomas in young patients,“ 
and cases with previously failed filter- 
ing surgery.” Our study has shown 
that clinical factors associated with 
tube implant surgery are different 
from those implicated in the failure of 
trabeculectomy."” This difference 
may reflect the fact that the majority 
of eyes in this series had previous 
surgery; only 11 eyes (6.6%) had un- 
dergone tube implant surgery in the 
absence of previous ocular surgery. 

Neovascular glaucomas have been 
reported to respond well to glaucoma 
tube implant surgery,” while nonneo- 
vascular glaucomas are said to have a 
poorer prognosis.” This has not been 
our experience in our long-term follow- 
up of patients. Short-term IOP control 
was established in eyes with neovascu- 
lar glaucoma, but by 12 months the 
probability of IOP control with or 
without medications at 1 year was only 
.44 and worse than any other diagnos- 


tic category. These poor results may 
be attributed to continued fibrovascu- 
lar proliferation around the tube-plate 
system in response to continued elabo- 
ration of neovascular factors. 

When IOP control is used as a crite- 
rion of success, marked differences are 
noted between tube designs. The suc- 
cess rate of one-piece tubes was signifi- 
cantly higher than that of two-piece 
systems. Molteno tubes had an inter- 
mediate outcome, although the latter 
sample was small. One reason for this 
difference is the greater frequency of 
distal occlusion in two-piece systems.” 
Surface area differences exist between 
tube types, with a potential area for 
drainage of 1600 mm’ for one-piece 
tubes attached to a 9-mm encircling 
band, 900 mm’ for two-piece systems, 
and 540 mm’ for double-plate and 
270 mm’ for single-plate Molteno 
tubes. This may have some bearing on 
the more successful control of IOP 
with one-piece tubes without addition- 
al medication." For clinical purposes, a 
criterion of partial control (IOP less 
than 22 mm Hg with or without medi- 
cations) gives an indication of the clini- 
cal usefulness of a procedure. While 
the differences between tube types 
persist, it is noteworthy that the addi- 
tion of glaucoma therapy substantially 
improves the success rate of two-piece 
systems. One-piece systems are still 
superior, and with long-term use, fail- 
ures are more frequent in the two- 
piece than the one-piece system. 

The major cause of failure of filter- 
ing surgery, either conventional or us- 
ing filtering tubes, is fibrosis. The 
early failure response in our patients 
with tubes has a similar pattern to that 
seen after trabeculectomy, and may 
have a similar histopathologic basis.” 
Surgical revision of fibrosed tube cap- 
sules has a success rate similar to that 
recorded after trabeculectomy revi- 
sion”; a probability of .53 that IOP 
control will be maintained at 12 
months. 

Reoperations for failure due to tube 
migration and blockage of the distal 
end of the tube by fibrosis were more 
common with two-piece devices; the 
design of one-piece and Molteno tubes 
makes such complications less likely. 

Molteno tubes have resulted in suc- 
cessful IOP control in a high percent- 
age of cases in which a two-stage tube- 
insertion technique” was combined 
with a systemic antifibrotic regime in 
juvenile as well as secondary glauco- 
mas. ®™” Systemically administered 
drugs included corticosteroids, flu- 
phenamic acid, and colchicine to con- 
trol local inflammation. Other investi- 
gators have reported similar results 
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without the use of this regimen*” and 
because of the high risk of systemic 
side effects, these drugs were not used 
to treat patients in this study. 

Since the timing and outcome of the 
early failure process are similar to that 
seen after trabeculectomy, it may be 
possible to influence this process by 
similar means. The early postoperative 
application of fluorouracil” and the 
perioperative application of beta irra- 
diation have both been shown to 
markedly improve the outcome of tra- 
beculectomy in high-risk cases, and 
may improve the outcome of tube sur- 
gery. This may explain why IOPs were 
lowest with Molteno tube implants, the 
only group for which fluorouracil was 
used, although they have the lowest 
surface area for drainage. 

Histologic studies of the capsule sur- 
rounding tube implants of varying de- 
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signs have reported a similar spectrum 
of change characterized by a multilay- 
ered capsule with variable thickness, 
comprised of fibroblasts, inflammatory 
cells, collagen, and glycosaminogly- 
cans.” Small molecules and aqueous 
may pass across the fibrous capsule to 
be reabsorbed by the episcleral and 
orbital vasculature. ™™ Studies of the 
Schocket,*” Joseph,” Molteno,” and 
Cameron and White” devices have 
shown essentially similar types of fi- 
brous capsule formation about these 
diverse implants. All studies report 
variation in the thickness of these cap- 
sules, and this may be a factor contrib- 
uting to failures. 

The underlying glaucoma diagnosis 
may influence outcomes other than 
IOP control. The types of complica- 
tions encountered appear to be linked 
to the clinical diagnosis; rubeotic eyes, 
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glaucoma diagnosis may influence the 
likelihood of successful IOP control. 

The risk factors for failure in eyes 
undergoing tube surgery are different 
from those that apply to eyes undergo- 
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A Whole-Field Scotopic Retinal Sensitivity Test for the 
Detection of Early Glaucoma Damage 


Yoseph Glovinsky, MD; Harry A. Quigley, MD; Bruce Drum, PhD; Regina A. Bissett; Henry D. Jampel, MD 


e We designed and evaluated a new 
test for the detection of early glaucoma 
damage in 133 persons who were classi- 
fied as normal, suspected of having glau- 
coma, or having glaucoma. The test stim- 
ulates the entire visual field with a 
flashing white light under dark-adapted 
conditions. It can be performed easily by 
a high proportion of subjects and is as 
reproducible as present psychophysical 
tests. Glaucomatous eyes were discrimi- 
nated from normal with a diagnostic 
power of 0.91 as judged by receiver oper- 
ating characteristic analysis, and speci- 
ficity and sensitivity were 91% and 86%, 
respectively. Glaucoma suspects with an 
abnormal response to the whole-field 
scotopic test were more likely to have 
other signs indicating early optic nerve 
injury, including a greater proportion of 
borderline field defects, nerve fiber layer 
defects, or glaucomatous fellow eyes. 
Assessment of whole-field scotopic sen- 
sitivity may be useful in glaucoma 
screening. 

(Arch Ophthalmol. 1992;110:486-490) 


({laucoma is one of the leading causes 
of adult blindness.’ It has recently 
been shown that treatment, if initiated 
early, may prevent the onset of glauco- 
matous visual field damage.” Nearly 
half of those with glaucomatous field 
loss in a population are unaware that 
they have the disease.’ Screening for 
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glaucoma is potentially important, but 
present methods using intraocular 
pressure (IOP) measurement or optic 
dise examination offer a poor balance 
of sensitivity and specificity. Visual 
field testing is time consuming and 
may not detect glaucomatous damage 
until 20% to 40% of the retinal ganglion 
cells are gone.’ There is therefore a 
need for an accurate, rapid test to 
detect functional glaucomatous dam- 
age at an early stage. 

We designed and evaluated a new 
psychophysical test that utilizes a 
whole-field light stimulus under dark- 
adapted conditions. Our intention was 
to target functions subserved by large 
(M) retinal ganglion cells.’ These cells 
are selectively damaged by glaucoma- 
tous optic nerve damage"*” and are 
known to be particularly sensitive to 
luminance contrast under mesopic and 
scotopic conditions.” There have been 
previous suggestions that tests of visu- 
al function under scotopic conditions 
may be helpful in glaucoma,'*" but no 
practical testing method has been de- 
veloped to exploit this information. We 
present herein extensive testing of a 
method that appears both effective and 
practical, 


SUBJECTS AND METHODS 


The study was approved by the Johns 
Hopkins University Joint Committee for 
Clinical Investigation, Baltimore, Md, and 
informed consent was obtained from all 
subjects before participation. Subjects 
were recruited through public advertise- 
ments and from the Wilmer Eye Institute 
glaucoma consultation service. In all, 133 
subjects were tested who satisfied the fol- 
lowing criteria: age over 35 years, refrac- 
tive error less than 7 diopters (myopie or 
hyperopic), no previous cataract surgery, 
visual acuity better than 20/30, not receiv- 


ing miotic eyedrops, clear media, and open 
anterior chamber angle. 

A Tubingen perimeter (Oculus, Dutenho- 
fen, Germany) was modified to present 
flickering (1 second on, 1 second off), dif- 
fuse, whole-field (Ganzfeld), white light 
stimuli. To generate the whole-field stimu- 
lus, we projected a 6-mm-diameter circular 
white light spot at the 12 o'clock meridian 
85° from fixation, a location that is well 
outside the boundaries of the normal visual 
field. The integrating bowl provided a 
Ganzfeld stimulus from this light. A steady 
whole-field background illumination was 
generated by a similar light at the 6 o'clock 
meridian. The instrument was calibrated by 
measuring bowl luminance at the subject's 
pupil location. Both the stimulus and the 
background light appeared homogeneous to 
experienced observers; however, some lu- 
minance gradient across the bowl cannot be 
ruled out. 

Each subject underwent 30 minutes of 
monocular dark adaptation in the waiting 
room with an opaque patch over one eye. 
Then the subject was brought into a dark 
room and seated at the perimeter. No cor- 
recting lens was needed. No fixation light 
was used; rather, the subject was instruct- 
ed simply to look straight ahead into the 
center of the bowl. In the first portion of 
the test, there was no background illumina- 
tion, and the whole-field flickering stimulus 
was increased in luminance progressively in 
fixed 1-decibel (dB) steps until it was de- 
tected by the subject. Four flicker cycles (8 
seconds) were allowed in each step before it 
was assumed that no response would occur. 
After a response, the stimulus luminance 
was reduced to its lowest level and the 
retinal sensitivity was determined twice 
more. The mean of these three readings 
was labeled the absolute retinal sensitivity 
(ARS). Then, the steady background was 
turned on at bowl luminance of 30 dB (30 
dB = —4.34 log candela/m’), and the flicker- 
ing stimulus was again increased until it 
was detected, three times. This was the 
first of three incremental retinal sensitiv- 
ities, the other two being at background 
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levels of 20 and 10 dB. Thus, the entire test 
sequence consisted of four retinal sensitiv- 
ity measurements, one ARS, and three 
incremental retinal sensitivities. 

Only one eye of each subject was tested. 
The tested eye was the eye with the better 
visual acuity. If this was the same in both 
eyes, a random selection was made. For 
both eyes, we conducted the following ex- 
aminations: best refracted visual acuity, a 
24-2 threshold test on the Humphrey Field 
Analyzer (Humphrey, Inc, San Leandro, 
Calif), slit-lamp examination, gonioscopy, 
applanation tonometry, dilated fundus ex- 
amination and color stereophotography of 
the optic disc, and red-free nerve fiber 
layer (NFL) photography. 

One masked observer (H.A.Q.) interpret- 
ed the dise and the NFL photographs. The 
vertical cup-dise ratio was visually estimat- 
ed by a system whose reproducibility has 
been previously reported as excellent.” The 
NFL was graded normal, unreadable, or 
abnormal. Abnormalities were categorized 
as either diffuse atrophy or wedge-shaped 
defects and were graded 1 (mild), 2 (moder- 
ate), and 3 (severe) for the upper and lower 
retina separately. The degree of NFL dam- 
age was summed for both retinal halves and 
could range from 0 (completely normal) to 6 
(severe defect above and below). For com- 
parison with the whole-field test, we used 
global indices, mean deviation (MD), pat- 
tern standard deviation (PSD), and the 
hemifield analysis, all summary statistics of 
the data from the 24-2 test. 


Statistical Analysis 


All data were stored and processed by 
the SAS statistical package for personal 
computers." Multivariate stepwise dis- 
criminant analysis” was used to identify the 
linear combination of test parameters that 
best discriminated patients with glaucoma 
from normal subjects. Receiver operating 
characteristic (ROC) curves were used to 
evaluate the diagnostic performance of a 
test.” An ROC curve is a plot of the true 
positives against the false positives, where 
the false-positive values are on the abscissa. 
A cutoff criterion is “moved” across the 
distributions of the normal and diseased 
groups, and the resulting true-positive- 
false-positive combinations are plotted. The 
area under the ROC curve is therefore an 
index of the total diagnostic performance of 
a test. The best specificity-sensitivity com- 
bination (closest to the point of 0% false 
positives and 100% true positives) on the 
ROC curve was also used as an index of test 
performance. Partial Pearson correlations 
were used to evaluate the net correlation 
between variables when controlling for the 
effect of other related variables.“ One-way 
analysis of variance (ANOVA) was used to 
compare means of variables from more than 
two groups of subjects. Subsets of groups 
that are significantly different from other 
subsets but are homogeneous among them- 
selves are thus identified. 


Classification of Subjects 


The subjects were classified into five 
groups: normal, glaucoma, and three levels 
of glaucoma suspects. (1) Normal eyes (35 
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eyes) had MD and PSD signifieance greater 
than 10%, normal NFL (0 score), vertical 
cup-dise ratio less than 0.6, IOP less than 21 
mm Hg, and no family history of glaucoma. 
(2) The glaucoma category (21 eyes) was 
defined by MD or PSD significance less 
than 10% and any degree of abnormal NFL 
reading. (3) The glaucoma suspect subjects 
(77 eyes that did not fall into the above 
categories) were subclassified as follows: 
suspect 1 (20 eyes), which included a posi- 
tive family history of glaucoma and no 
history of IOP above 21 mm Hg; suspect 2 
(21 eyes), a history of IOP above 21 mm Hg 
and no family history of glaucoma; and 
suspect 3, (56 eyes) a positive family history 
and history of IOP above 21 mm Hg. Nor- 
mal fields (MD and PSD significance > 10%) 
were accepted even if the test was the first 
one for the subject. Abnormal fields (MD or 
PSD significance <10%) were accepted only 
if the subject had had previous experience 
with the Humphrey Field test.” 


RESULTS 


The data are initially presented as 
graphs of the retinal sensitivity (in 
decibels) at each of the four testing 
conditions. Compared with normal 
eyes, those with glaucoma had a mark- 
edly reduced absolute whole-field reti- 
nal sensitivity (no background illumi- 
nation, P<.0001, Fig 1). However, the 
mean incremental retinal sensitivities 
of eyes with glaucoma were reduced 
only slightly from those of normal eyes 
(P>.1). Suspect groups 2 and 3 also 
showed significant decrease from nor- 
mal in mean (+SD) ARS (37.9+3.8 
[P=.05] and 37.6+2.9 [P<.001], re- 
spectively). Like the group with glau- 
coma, their incremental retinal sensi- 
tivities were the same or even higher 
than normal (though not significantly 
so). Suspect group 1 did not differ from 
normal in either absolute or incremen- 
tal sensitivities. 

A multivariate stepwise discrimi- 
nant analysis was employed to find a 
combination of the four measured reti- 
nal sensitivities that best discriminat- 
ed eyes with glaucoma from normal 
eyes. The procedure started with the 
most significant variable and added 
each variable in a stepwise fashion, 
using a 5% significance level criterion 
for inclusion and exclusion. At the end 
of the procedure, those variables that 
have met the criteria are listed. This 
method was initially applied to a group 
consisting of 21 subjects with glaucoma 
and 20 normal subjects randomly se- 
lected and matched for age and visual 
acuity. The best discriminating combi- 
nation was the ARS and incremental 
retinal sensitivity at 20 dB (INC[20}). 
Once ARS and INC(20) were included 
in the diseriminant model, INC(30) and 
INC(10) did not contribute significant- 
ly in correctly classifying subjects into 
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Fig 1.—Threshold vs intensity curves for the 
normal (lower curve) and glaucomatous (up- 
per curve) groups. Sensitivity is presented in 
descending (threshold) order. The scotopic 
absolute whole-field retinal sensitivity of the 
glaucomatous group is significantly reduced 
(P<.0001), yet the incremental retinal sensi- 
tivities are very close to normal (error bar 
indicates + 1 SE). 
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Fig 2.—Receiver operating characteristic 
(ROC) curve for linear combination of abso- 
lute and incremental retinal sensitivities (area 
under curve, 0.91). The diagonal line is the 
receiver operating characteristic curve for a 
random discrimination (area under curve, 
0.5). 


those with glaucoma and the normal 
group. 

Next, we determined how well the 
combination of the two selected retinal 
sensitivities could discriminate be- 
tween all normal and glaucomatous 
eyes. A linear combination of the two 
as a formula (ARS—0.46 x INC[20]) 
was determined by canonical discrimi- 
nant analysis.“ We termed this combi- 
nation “the whole-field scotopic retinal 
sensitivity (WSS).” The ROC curve for 
the WSS is shown in Fig 2. The result- 
ing diagnostic power of the test (the 
fraction of the area under the ROC 
curve of the maximum possible area) 
was 0.91, and the best specificity-sen- 
sitivity combination was 91% and 86%, 
respectively (Fig 3). The ARS when 
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Fig 3.—Frequency distributions of whole-field scotopic retinal sensitivity in the normal (open 
bars) and glaucomatous (closed bars) groups. The vertical line is the chosen cutoff value that 


results in 91% specificity and 86% sensitivity. 





Table 1.—Group Classification by wss Compared With MD and HF Analysis* 
































Normal Suspect 1 Suspect 2 Suspect 3 Glaucoma 
WSS 91 25 38 52 86 
MD 100 6 10 8 71 
HFa 88 15 24 15 95 
94 10 14 6 90 









*WSS indicates whole-field scotopic retinal sensitivity; MD, mean deviation; HF, hemifield; HFa, bor- 
derline glaucoma; and HFb, borderline normal. Normal and glaucoma values are percent of correct clas- 
sification; suspect group values, percent of subjects classified as having glaucoma. 


used alone had a diagnostic power of 
0.86 and best specificity-sensitivity 
combination of 80% and 81%, respec- 
tively. For comparison, visual acuity, 
age, pupil diameter, or their linear 
combinations resulted in a discriminat- 
ing power of no more than 0.69. 

For suspect groups 2 and 3, WSS 
was significantly lower than normal 
(P<.05 and P<.001, respectively). 
The WSS of the five groups formed 
three clusters: normal and suspect 1, 
suspect 2 and 3, and glaucoma (Fig 4, 
top). As control, the results of the MD 
on Humphrey 24-2 tests are seen to 
cluster into two groups (Fig 4, bot- 
tom): normal and suspect groups 1, 2, 
and 3 in one area and glaucoma in 
another (one-way ANOVA). 

The performance of the scotopic test 
was compared with two other common- 
ly used psychophysical measures. Both 
are closely related but are not the 
exact criteria used to define the sub- 
groups above. The first is the glauco- 
ma hemifield test, which compares the 
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retinal sensitivity of clusters of points 
in the upper and lower hemifields of 
the same eye. The second is MD signif- 
icance at the 10% level, which is more 
sensitive to diffuse defects compared 
with the hemifield test. The WSS had 
specificity and sensitivity quite compa- 
rable with that of either the hemifield 
test or MD (Table 1). In this compari- 
son, the MD has a definitional advan- 
tage, since it is a criterion for initial 
group categorization. Note that the 
WSS was abnormal in an increasing 
proportion of suspects as their estimat- 
ed risk of damage increased, a charac- 
teristic not shared by either MD or 
hemifield test. For example, in the 
suspect group 3, the proportion of eyes 
with an abnormal result was substan- 
tially greater than with the other two 
tests (P<.05, x test). 

Although the predictive value of 
WSS can only be validated by a longi- 
tudinal study, further suggestive evi- 
dence for its accurate detection of glau- 
coma damage is given in Table 2. The 
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Fig 4.—Top, Average whole-field scotopic 
retinal sensitivity of the five groups (error bar 
indicates +1 SE). By one-way analysis of 
variance, three distinct clusters were identi- 
fied: normal and suspect 1, suspect 2 and 3, 
and glaucoma. Bottom, Average mean devi- 
ation for the same groups. Here, only two 
clusters were identified: normal and suspect 
1, 2, and 3, and glaucoma. 


results of the WSS for the suspect 
group 3 are divided into abnormal and 
normal and are compared with the 
findings of these eyes with regard to 
other measures. Those with an abnor- 
mal WSS were more likely to have a 
fellow eye with glaucoma (by our defi- 
nition), to have an NFL defect, or to 
meet certain criteria of abnormality on 
the 24-2 test (P<.05, x’ test). 

The WSS was not correlated with 
MD score in the normal eyes but was 
significantly correlated in the suspect 
groups 2 and 3 and in the glaucomatous 
group. Furthermore, it was correlated 
with the PSD score in suspect group 3 
and the glaucomatous group (Table 3). 
In the glaucomatous group, the WSS 
was significantly correlated to diffuse 
nerve fiber damage (7=.47, P<.05) 
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Glaucoma 
HFa 30 



















MD 18 Normal i A 
NFL 14 Suspect 1 AZ 6 = .33 16 
FE 21 Suspect2 49 03 —.35 12 
Either 42 Suspect3 .37  .03 = .38 03 
Glaucoma .77  .0001 —.53 .02 





*WSS indicates whole-field scotopic retinal 





sensitivity; HFa, hemifield, borderline glaucoma; 
MD, mean deviation (<10% classified as having 
glaucoma); NFL, nerve fiber layer abnormal; and 


*MD indicates mean deviation; PSD, pattern 
standard deviation. P values are partial Pearson 
correlation, controlled for age. 


FE, fellow eye with glaucoma. 





Table 4.—Reliability and Reproducibility of WSS Compared With 
: Humphrey MD in Normal Subjects* 


wss 










MD 




























Short-term fluctuation (n=35) 0.67 + 0.32 1.43+0.38 
Repeatability (n= 12) 1.12+0.99 1.31 +0.63 
Intereye similarity (n=9) 1.02 + 0.94 0.35 + 0.44 
Group difference (n=12) +0.20 + 1.47 +1.00 + 1.06 






* WSS indicates whole-field scotopic retinal sensitivity; MD, mean deviation. Values are in decibels (dB, 
defined in text), mean + SD (SD of nine combinations of two sets, three measurements each, for abso- 
lute retinal sensitivity and increment retinal sensitivity at 20 dB in each subject). Repeatability values are 
average of absolute test 2— test 1 values; intereye similarity values are average of test 2— test 1 values. 


but not to wedge NFL defects (r= .04, 
P=.87). 

Twelve normal subjects were retest- 
ed 6 to 12 months after their original 
test. In nine persons, the other eye 
also was tested. The results of the 
short- and long-term fluctuation, as 
well as intereye similarity, for the 
WSS are comparable with similar mea- 
sures for MD in the same subjects 
(Table 4). 

Whole-field scotopic retinal sensitiv- 
ity did not correlate with IOP in un- 
treated glaucoma suspects (r=.04, 
P=.88 [suspect group 2, 18 eyes], and 
r=.21, P=.39 [suspect group 3, 24 
eyes). The WSS result was similar in 
glaucomatous eyes whether or not 
they had undergone trabeculectomy. 
Its result also did not correlate with 
pupil size in normal eyes when mea- 
sured (with a fine slit of dim light at 
the slit lamp) in an illuminated room 
(n=35, r=.14, P=.47). It did, howev- 
er, correlate with pupil size when simi- 
larly measured in a dark room, al- 
though pupil size accounted for only 
20% of the WSS variance (n=19, 
r=.45, R?=.2, P=.05). 


COMMENT 


The WSS test discriminates glauco- 
matous from normal eyes as effectively 
as the present standard, automated 
threshold perimetry. In part, the defi- 
nition of glaucoma plays an important 
role in this differentiation. We chose to 
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categorize glaucoma as the combina- 
tion of a difference from normal on 
automated perimetry combined with 
an abnormality in NFL evaluation. 
This was done to avoid false positives 
that might occur when only one test is 
used alone. It has been traditional to 
include a history of IOP above a cer- 
tain arbitrary value in the definition of 
glaucoma. To do so is arbitrary, since 
those with glaucomatous optic neurop- 
athy in population-based studies have 
a moderate chance of having IOP lev- 
els within what is considered the nor- 
mal range, even on repeated measure- 
ments.” Our definition of glaucoma did 
not result in only the most advanced 
cases being included in the group with 
glaucoma. In fact, 52% of the patients 
with glaucoma had cup-dise ratios 
smaller than or equal to 0.6, and 48% 
had MD better than —5 dB. Other 
optic neuropathies may cause NFL 
and field abnormalities; however, it is 
unlikely that a significant number of 
such subjects were included in the 
group with glaucoma because 90% of 
them had a documented history of un- 
treated IOP above 21 mm Hg and each 
eye was examined with specific atten- 
tion toward eliminating other optic 
neuropathies. 

In addition, those glaucoma suspects 
with a history of elevated IOP had 
mean WSS values different from nor- 
mal, but they were not as severely 
affected as those categorized as glauco- 


matous. The suspects with abnormal 
WSS test results were much more 
likely to have other risk factors for 
later damage, such as NFL defects, 
borderline abnormal glaucoma hemi- 
field tests, or fellow eyes with defined 
field loss. This suggests that the scoto- 
pic test not only identifies the stage we 
defined as glaucoma but may detect 
damage at an even earlier stage. A 
prospective follow-up of glaucoma sus- 
pects is needed to determine the pre- 
dictive power of scotopic testing for 
future field loss. 

Other studies have demonstrated 
abnormalities in scotopic sensitivity in 
glaucoma” and glaucoma suspect 
eyes.” None of the previously reported 
methods achieved widespread usage, 
perhaps because they involved testing 
discrete retinal areas at a time, which 
demanded tedious mapping of the 
whole central field in the dark. 

Our scotopic test may be suitable for 
glaucoma screening. It is quick, there 
is no need for steady fixation or lens 
correction, and the simple stimulus 
facilitates testing in elderly persons. 
While light scattering is not likely to 
affect the whole-field test, light ab- 
sorption by dense cataracts” may re- 
duce scotopic sensitivity. We are cur- 
rently studying the effect of cataract 
on our scotopic test. 

The scotopic test had a sensitivity of 
86% and a specificity of 91% in the 
population we tested. If this separa- 
tion power can be maintained in a 
population-based sample, it would 
mean that this test far surpasses IOP 
measurement or optic disc examination 
for glaucoma screening.” Nonethe- 
less, a 9% false-positive rate is quite 
high for a screening test aimed at the 
detection of a disease with a preva- 
lence of approximately 1% in the adult 
population. The test will be useful for 
screening of high-risk populations. For 
example, in blacks the prevalence of 
glaucoma may exceed 10% after the 
age of 55 years.’” In a population with 
10% prior probability for glaucoma, we 
would expect 9% and 8.5% false and 
true positives, respectively. Eighty- 
five percent of cases of glaucoma would 
be detected, and the justified referral 
ratio would be near 50%. 

Age was not correlated with WSS in 
our normal subjects. Miosis is associat- 
ed with age, and there was a small 
correlation between pupil size when 
measured in the dark in our subjects 
and their scotopic sensitivity yet, this 
relationship accounted for only 20% of 
the variance in scotopic sensitivity. 
Presumably, retinal factors that gov- 
ern dark adaptation are more impor- 
tant in determining the interindividual 
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variance. We did not find a significant 
difference in pupil size between the 
normal and glaucomatous groups when 
measured in either the light or the 
dark. Hence, differences in pupil size 
do not explain the separation of these 
groups in scotopic testing. 

We dark adapted only one eye of our 
subjects. It has been previously shown 
that the retinal sensitivity of a monoc- 
ularly dark-adapted eye is better than 
when both eyes are dark adapted.” It 
may also be more practical to screen 
for glaucoma by testing only one eye; 
however, this may result in some de- 
crease in sensitivity. A significant 
asymmetry of damage in 25% of cases 
of glaucoma was reported in one large 
population-based study.” In a monocu- 
lar screening, we would randomly se- 
lect the less damaged eye in half of 
these 25%, or 12.5% of persons with 
glaucoma. We detected 75% of the 
patients who had glaucoma in the non- 
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tested eye by testing their less dam- 
aged eye (Table 3); therefore, we may 
estimate about 3% more false nega- 
tives due to monocular screening. 

Our results suggest that the abso- 
lute scotopic retinal sensitivity is re- 
duced at an early stage of the glauco- 
matous process. To explain how this 
test detects damage when only a mi- 
nority of retinal ganglion cells are 
dead, we speculate that a special class 
of ganglion cells, Y-like M ganglion 
cells, are optimally sensitive to the 
whole-field stimulus. The Y-like M 
cells have large cell bodies and axons 
and are particularly sensitive to lumi- 
nance contrast under mesopic and sco- 
topic conditions.” They represent 25% 
of the M-cell population or perhaps 
only 25000 among 1 million ganglion 
cells in the human retina’ and may 
therefore have little redundancy in ret- 
inal coverage. Since glaucoma selec- 
tively damages large cells,°*’ and 
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Argon Laser Trabeculoplasty Controls One Third of Cases of 
Progressive, Uncontrolled, Open Angle Glaucoma for 5 Years 


George L. Spaeth, MD, Karin A. Baez, MD 


èe Seventy-eight patients (109 eyes) 
with progressive glaucoma had argon 
laser trabeculoplasty as a substitute for 
filtration surgery and were then followed 
up for a minimum of 5 years. One hun- 
dred spots were placed at the anterior 
margin of the posterior trabecular mesh- 
work over 360°. Consecutive cases be- 
tween 1980 and 1985 were reviewed, 95% 
of treated cases being included in the 
final analysis. Eighty-two eyes had pri- 
mary open angle glaucoma. If only the 
group with primary open angle glaucoma 
is considered, the failure rate the first 
year was 19%. After that, the failure rate 
was approximately eight per year. At the 
end of 5 years, 65% of all eyes had failed. 
At the end of 10 years, data were avail- 
able on 84 of the original 109 treated 
eyes; in 80 treatment had failed, and four 
were still receiving medical therapy. 

(Arch Ophthalmol. 1992;110:491-494) 


he long-term benefit of argon laser 

trabeculoplasty (ALT) remains con- 
troversial." Gilbert et al’ showed a 
short-lived helpful effect, whereas 
Wise’ reported a long-term benefit in 
almost all patients." This study retro- 
spectively reviewed the outcome of 
ALT in 78 patients (109 eyes) in whom 
ALT was employed as a substitute for 
surgery. Cases selected had ALT per- 
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formed between 1980 and 1985 and all 
had a follow-up for at least 5 years. 


SUBJECTS AND METHODS 


Patients included in the study were all 
treated by one of us (G.L.S.) at the Wills 
Eye Hospital, Philadelphia, Pa. The charac- 
teristics of the 78 patients (109 eyes) are 
given in Table 1. 

Argon laser trabeculoplasty was per- 
formed with a Britt argon laser, using the 
following settings: exposure time, 0.1 sec- 
onds; spot size, 50 um; power, 0.7 to 1.2 W 
(the power was determined by the reaction 
to the laser burn, the goal being to produce 
a small bubble). One hundred spots (range, 
98 to 101) were placed over the entire 
circumference of the posterior trabecular 
meshwork (360°), or 50 spots over 180°, the 
second 180° being later treated with 50 
spots over the previously untreated area. 
The burn was placed at the junction of the 
pigmented and the nonpigmented portion of 
the trabecular meshwork, ie, well anterior 
to the ciliary body and just posterior to 
Schwalbe’s line. Intraocular pressure (IOP) 
was measured with a Goldmann applanation 
tonometer before and 1 hour postoperative- 
ly in all cases. If a pressure spike occurred 
postoperatively, measurements were taken 
more frequently. 

Postoperative care included 1.0% fluoro- 
metholone four times daily for 1 week, 
while all previous glaucoma medications 
were continued. Where a rise in IOP con- 
sidered to be of concern developed postop- 
eratively, the patients glaucoma medica- 
tion was increased, usually by increasing 
the amount of carbonic anhydrase inhibitor. 
All patients were examined around 1 
month, 6 months, and 1 year following 
ALT, and then at yearly intervals. Where 
IOP was considered to be inappropriately 
high, interim visits were scheduled. 

The indication for ALT was progressive 
glaucoma uncontrolled by maximal tolerat- 
ed medical therapy, including a carbonic 
anhydrase inhibitor. “Uncontrolled” was 
defined as progressive visual field loss, 


Variable 





Patients 
Age, y 
Range 
Mean 
Race, W/B 
Sex, M/F 
Eyes, diagnosis 
Primary open angle 
glaucoma 
Low-tension type 
Exfoliation syndrome 
glaucoma 
Pigmentary glaucoma 
Glaucoma in aphakia 
Open angle glaucoma with uveitis 2 
Congenital glaucoma 1 
Total 109 





progressive optic nerve cupping, or an IOP 
consistently in a range where loss of field or 
dise damage had occurred previously. Visu- 
al fields were tested with Goldmann perim- 
etry using a modified Armaly-Drance meth- 
od or by OCTOPUS perimetry with a pro- 
gram 31 or 32. Patients having Goldmann 
perimetry initially were followed up subse- 
quently with Goldmann perimetry, and pa- 
tients having OCTOPUS perimetry were 
later followed up with OCTOPUS peri- 
metry. Disc evaluation was based on com- 
parison of stereoscopic photographs. 

Cases were chosen for inclusion by chart 
review. Starting with the letter A, all 
charts in the file room of one of us (G.L.S.) 
were consecutively reviewed until 109 eyes 
(78 patients) were identified in which all 
inclusion criteria were met. The first 82 
patients having had ALT between 1980 and 
1985 were identified. All charts were con- 
secutively reviewed. Of the 82 patients (114 
eyes), four cases (five eyes) were excluded 
because they did not have follow-up data 
extending for a minimum of 5 years (5% of 
the patients having had ALT). 

Data collected included preoperative and 
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No. Failing During Year 


OO 


No. in 


Year Study 


of Completing All 
Study 


Year Eyes Syndrome 


Exfoliation 


No. 
Still on 
Medical 
Treatment All 
at End Eyes 
POAG of Year (n=109) 


Exfoliation 
Syndrome 
(n=14) 


Failure Rate, % 


Cumulative 
Success 
Rate, % 

(SE) 





109 35 7 


21 74 32.1 50.0 


68 
(4.5) 





109 11 0 


10 63 10.1 


58 
(4.7) 





109 7 


6 56 6.4 


51 
(4.8) 





8 


48 7.3 


44 
(4.8) 





10 


33 9.2 


35 
(4.6) 





21 6.7 


28 
(4.3) 





26 
(4.3) 





26 
(4.3) 





Too few 





*POAG indicates primary open angle glaucoma; NE, not evaluated. 


postoperative IOP, gonioscopic characteris- 
tics (amount of pigmentation of the posteri- 
or trabecular meshwork), preoperative and 
postoperative medications, and date and 
nature of all subsequent surgical indica- 
tions. The amount of pigmentation in the 
posterior trabecular meshwork was graded 
on a scale of 0 to 4+ by averaging the 
recorded pigmentation of the posterior tra- 
becular meshwork at the 6- and 12-o'clock 
positions of the anterior chamber angle; a 
grade of 0 signified absence of pigmenta- 
tion, and a grade of 4+ signified maximum 
pigmentation. 

For purposes of this study, ALT was 
considered a success when no filtration sur- 
gery was required, or a failure when sur- 
gery was required. 


RESULTS 


The overall failure rate is given in 
Table 2 (Figure), Subsequent surgery 
became necessary in 32% of all eyes 
within 1 year of the time of ALT. In 
the group with primary open angle 
glaucoma, 19.8 had failed, and of the 
eyes with exfoliation syndrome, 17.0% 
needed surgery. All eight of the eyes 
with glaucoma failed by the end of 1.6 
years. By 5 years, 65% of all eyes had 
failed; 35% were still considered suc- 
cessful. At the time of the longest 
follow-up, at 10 years, four of the 
original 109 eyes were still receiving 
medical therapy and had not required 
surgery, 80 having failed and 29 being 
unavailable for follow-up. Success and 
failure in relationship to the level of 
IOP preoperatively are indicated in 
Table 3. 


COMMENT 


Opinion on the value of ALT 
varies." The cumulative failure rate 
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% Not Requiring Further Surgery 





1 2 3 4 5 6 7 
Years Following Trabeculoplasty 


Long-term success rate with argon laser tra- 
beculoplasty in eyes with primary open angle 
glaucoma (triangles) and in all eyes (circles). 


of some of these reports is indicated in 
Table 4. However, not all cases in the 
initial cohort of those treated were 
followed up for the duration of the 
studies, except for that by Blondeau et 
al’; additionally, relatively few cases 
were followed up for more than 4 
years. Several reports have suggested 
the use of ALT as initial therapy for 
patients with open angle glaucoma; 
however, follow-up, even for the long- 
est investigations, has been short." 
Regarding the general usefulness of 
ALT in patients with glaucoma, Wat- 
son and colleagues” in Cambridge and 
Midgal and Hitchings“ in London, En- 
gland, concluded that ALT had a defi- 
nite role in management, tending to 
delay the need for surgery, but finding 
less marked pressure lowering than 





Too few 





a Oe: eee 


mm Hg Success Failure Success Failure 
<25 50 22 33 39 





>25 16 21 8 27 


* ALT indicates argon laser trabeculoplasty. 
tx? = 0.27, P< .02. 
tx? = —0.6, P < .04. 


was noted with trabeculectomy. It 
seemed appropriate to review this 
issue. 

For proper interpretation of this 
study, it is essential to understand that 
ALT was advised only when filtration 
surgery was considered necessary. Es- 
pecially since the publication of the 
results of the Glaucoma Laser Trial, 
some ophthalmologists have used ALT 
as an alternative for medical thera- 
py." However, in the patients in- 
cluded in this study, ALT was used as 
an alternative for surgery and was not 
used as an alternative for medical 
therapy. 

To obtain a valid estimate of the 
effect of ALT on the clinical course of 
glaucoma, a review of around 100 eyes 
was believed adequate; review of all 
cases having ALT was thought unnec- 
essary. Selecting consecutive cases 
based on the alphabet was chosen as 
the method of identifying the cases to 
be reviewed; presumably, this method 
would not bias the cases favorably or 
unfavorably. 

The population treated was com- 
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Table 4.—Results of Previous Studies: Cumulative Failure Rate, % 


Years Followed Up 


Reference 





Blondeau et al® 
Wise’ 

Schultz et al® 
Ticho and Nesher’ 
Shingleton et al’ 
Schwartz et al? 
Gilbert et al* 


posed largely of referred cases. As 
such, patients with severe disease and 
“low-tension” glaucoma probably rep- 
resented a larger portion than would 
be true for an average ophthalmic 
practice. In the population reviewed, 
ALT had been performed on 114 eyes 
(82 cases). Data were unavailable in 
four of these cases (5 years). It is 
presumed that selecting the population 
to be reviewed based on the alphabet 
did not affect how the patients re- 
sponded to ALT. By 10 years, data 
were unavailable on an additional 24 of 
the original 109 treated eyes. 

Considering only the 101 eyes with 
primary open angle glaucoma, glauco- 
ma in association with the exfoliation 
syndrome, or pigmentary glaucoma, 
within 5 years of the initial treatment 
slightly over two thirds of the cases 
required filtration surgery, and within 
10 years over 90% required surgery. 

Viewed from the other side, and 
considering the inevitable inconve- 
nience, cost, and complications associ- 
ated with filtration surgery, ALT of- 
fered 5% of treated patients 10 years 
of control of their disease without the 
need to resort to filtration surgery, 
and around one third of patients a 
similar benefit for 5 years. For those in 
whom avoiding a filtration procedure 
appears advantageous, ALT offers a 
benefit. 

Failure rate was highest in the early 
stages of this study. This is not solely 
due to the inclusion of nine eyes with 
secondary glaucoma, now known not to 
do well with ALT."” If patients did 
not have a significant lowering of IOP 
in 6 weeks following ALT, the proce- 
dure was considered to have failed, 
and a filtration procedure was per- 
formed. A “significant lowering” was 
defined differently from patient to pa- 
tient, related to the initial level of IOP 
and the amount of dise damage, but 
usually was considered to be around a 
20% fall in patients with low-tension 
glaucoma and 30% in others. Where a 
fall of IOP following ALT greater than 
that occurred, the patient was followed 
up with disc and field evaluations; fur- 
ther deterioration was considered 
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present when either of these became 
worse. Because IOP determinations 
were “immediate” and possible 
changes in disc or field were slow to 
develop, it would be expected that 
more cases would be considered to 
have failed in the early part of the 
study. After the initial high failure 
rate, the mean failure rate was around 
8% per year of the entire population 
(Table 2). This is lower than the 15% 
reported by Wickham and Worthen’ 
and similar to the 5% described by 
Lund and Zink* and by Schwartz and 
colleagues.” 

No policy at the start of this study 
was determined regarding whether re- 
peated ALT would be offered in case of 
failure of the initial procedure. Howev- 
er, where the procedure had initially 
resulted in a large fall in IOP and a 
later return to a level known to be 
associated with progressive glaucoma- 
tous damage, some patients were of- 
fered and elected to have a repeated 
trabeculoplasty. Repeated trabeculo- 
plasty was performed employing 100 
burns distributed over 360° of the ante- 
rior trabecular meshwork, utilizing the 
same basic technique employed with 
the first trabeculoplasty. In nine of 17 
eyes in which a repeated ALT was 
performed, filtration surgery was able 
to be avoided for the duration of the 
study, whereas eight of the 17 re- 
quired later surgery designed to lower 
the IOP. In four of these eight cases, 
the filtration surgery became neces- 
sary soon after ALT. This success rate 
of slightly over 50% is higher than that 
reported by other authors.” 

Regarding the relationship between 
pigmentation of the trabecular mesh- 
work and effectiveness of ALT, infor- 
mation is conflicting.” While this 
study showed no indication that in- 
creasing pigmentation caused an in- 
crease in benefit, this may well be a 
result of the technique employed, in 
which the amount of power was 
changed in an effort to reach a consis- 
tent end point, specifically a small bub- 
ble. This required increasing the pow- 
er in patients with less pigmentation. 
This study does not answer the ques- 





Table 5.—Success Rate of 
Patients Having Had ALT on Both 
Eyes for 5-Year Follow-up* 


No. 

Patients having ALT on both eyes 31 

Successful ALT in both eyes 6 

Failed ALT in both eyes 17 
Successful ALT in 1 eye 

but failed ALT in other eye 8 


*ALT indicates argon laser trabeculoplasty. 
The 95% confidence interval on the proportion 
having bilateral success is 0.05 to 0.33; on the 
proportion having bilateral failure, 0.37 to 0.72. 





tion regarding the relationship be- 
tween pigmentation of the trabecular 


meshwork and the degree of success 


because of the method employed in 
performing trabeculoplasty. Some 
studies have shown a direct relation- 
ship between the amount of power 
delivered and the final result,” 
whereas others have found less or no 
relationship. *” 

A few patients with other diagnoses 
were included among those patients 
being selected originally, as the effect 
of trabeculoplasty in such patients was 
then unknown with complete certain- 
ty. These patients with glaucoma asso- 
ciated with aphakia, uveitis, or infancy 
were not benefited significantly from 
the trabeculoplasty, all eight eyes hav- 
ing to pass on to surgery within 
1.6 years. 

In our study, the apparent lack of 
correlation between the age of the 
patient and the duration of glaucoma 
before ALT and the eventual success 
may be a reflection of the makeup of 
this study, in which only one patient 
was younger (age 31 years; Table 1). 
Virtually all patients were in an age 
range that has in the past generally 
been considered to be that in which 
results are optimal.” 

Where ALT succeeded in one eye, 
the other eye had a more favorable 
prognosis, a finding already noted by 
Bishop and colleagues” (Table 5). That 
ALT is thought to be more effective in 
patients whose IOP is lower before 
treatment is a comment of question- 
able significance, since success is usu- 
ally defined in terms of absolute IOP 
after treatment, and a larger percent 
of those with lower preoperative IOP 
would be expected to fall into that 
group.” Nevertheless, we found a 
close correlation between IOP and suc- 
cess or failure; the higher the preoper- 
ative IOP, the worse the prognosis. 

In this study, 41 eyes of 36 patients 
had an increase of IOP of 6 mm Hg or 
more immediately following ALT. In 
no case was immediate surgery re- 
quired. The number of different types 
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of medication was unable to be reduced 
in any patient having ALT, even 
where a clinically significant fall of IOP 
followed ALT. Maximal therapy was 
continued with the belief that maximal 
lowering of IOP was preferable in pa- 
tients who had already demonstrated 
deterioration. 

In conclusion, this study demon- 
strates that ALT can defer the need 
for filtration surgery in around one 
third of patients with primary open 
angle glaucoma sufficiently severe and 
uncontrolled by maximal medical ther- 
apy that further lowering of IOP is 
considered important. 


This study was supported in part by grants from 
the Scholler Foundation, the Glaucoma Service Re- 
search Foundation, Philadelphia, Pa, and the Deut- 
sche Forschungsgemeinschaft, Bonn, Federal Re- 
public of Germany. 

The authors have no propriety interest in the 
materials or methods mentioned in this article. 
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e The multiple-dose, dose-response 
relationship and duration of action of the 
novel topical carbonic anhydrase inhibi- 
tor dorzolamide (previously known as 
MK-507) were investigated in a double- 
masked, randomized, placebo-con- 
trolled, parallel study in 73 patients with 
bilateral primary open angle glaucoma or 
ocular hypertension. Dorzolamide (0.7%, 
1.4%, or 2%) or placebo was adminis- 
tered every 12 hours for 5 days and then 
every 8 hours for 7 days. Intraocular 
pressure was investigated with multiple 
12-hour diurnal curves. All concentra- 
tions of dorzolamide demonstrated sub- 
stantial lowering of intraocular pressure 
throughout the day when given twice 


Tre search for a clinically efficacious 

topical carbonic anhydrase inhibitor 
(CAI) led to the development of sever- 
al new agents that demonstrated ocu- 
lar penetration and activity in animal 
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daily (9% to 21%) or three times daily 
(14% to 24%). Although a dose-depen- 
dent response was observed immediate- 
ly following the first dose, there were no 
significant differences between concen- 
trations or dose response at either the 
twice or three times daily dosing regi- 
men. Three times daily administration of 
2% dorzolamide demonstrated a mean 
percent decrease in intraocular pressure 
of 18% to 22% throughout the day (mean 
decrease, 4.5 to 6.1 mm Hg). Dorzolamide 
appears to have substantial potential in 
the treatment of glaucoma and ocular 
hypertension. 
(Arch Ophthalmol. 1992;110:495-499) 


models superior to that observed with 
topical formulations of currently mar- 
keted agents.’ Aminozolaide in a gel 
formulation was the first of these 
agents to show some degree of intra- 
ocular pressure (IOP)-lowering activi- 
ty in patients’ and also demonstrated a 
small decrease in aqueous humor for- 
mation in normal volunteers,’ although 
a multiple-dose study was discontinued 
due to marked ocular irritation. 

Three novel, topically effective 
CAIs have been extensively investi- 
gated during the past few years: MK- 
927, sezolamide hydrochloride (the S- 
enantiomer of MK-927, previously 
known as MK-417), and dorzolamide 
hydrochloride (previously known as 
MK-507 and L-671 152). These thien- 
othiopyran-2-sulfonamides have dem- 
onstrated both significant IOP-lower- 
ing activity in animal models of ocular 
hypertension” as well as substantial, 
clinically relevant efficacy as mono- 


9-16 


therapy" and as add-on therapy to 
timolol in patients with glaucoma or 
ocular hypertension. ™™ All three com- 
pounds have exhibited good tolerabil- 
ity and safety profiles in studies of 
intermediate-term duration in pa- 
tients, and there have been no clinical- 
ly significant changes in objective mea- 
sures of corneal thickness or 
endothelial cell counts." Multiple- 
dose studies of 2 and 4 weeks’ duration 
have demonstrated an absence of clini- 
cally significant biochemical or hema- 
tologic effects.""* 

Dorzolamide (Fig 1) is the most re- 
cent and most potent compound in this 
series of topically active CAIs. It is a 
potent inhibitor of human carbonic an- 
hydrase isoenzyme II in vitro, the 
isoenzyme found in the ciliary process- 
es, with a concentration inhibiting hu- 
man carbonic anhydrase isoenzyme II 
by 50% of 0.2 nmol/L (test performed 
after incubation at 37°C for 4 min- 
utes).” Dorzolamide is extraordinarily 
specific for carbonic anhydrase isoen- 
zyme II, with a ratio of affinity for 
isoenzyme II to that for isoenzyme I of 
approximately 3000:1 (based on a ratio 
of K,s, the dissociation constants of the 
inhibitor-enzyme complexes).” 

The first study of dorzolamide in 
humans demonstrated that it was gen- 
erally well tolerated and possessed 
10P-lowering activity.’ Moreover, it 
was observed that a formulation with 
0.5% hydroxyethyl cellulose appeared 
to be more active than one without. All 
subsequent studies with dorzolamide 
used this hydroxyethyl cellulose for- 
mulation. A pilot study in patients 
confirmed activity but indicated that 
the optimal dosing frequency may be 
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Fig 1.—Chemical structure of dorzolamide. 


more than twice daily.” A 4-day study 
compared the activity of 2% dorzola- 
mide administered every 12 hours and 
every 8 hours with that of 1.8% sezola- 
mide administered every 8 hours. The 
results indicated that dorzolamide pos- 
sessed slightly superior efficacy, with 
a morning (trough) decrease in IOP 
from the prestudy value of 17.4% to 
18.7% and a peak decrease of 24.6% to 
26.2% 2 hours after the dose was ad- 
ministered.” In addition, the tolerabil- 
ity of 2% dorzolamide appears to be 
somewhat superior to that of 1.8% 
sezolamide with respect to duration 
and intensity of burning/stinging and 
tearing (H. A. von Denffer, MD, oral 
communication, 1990). 

The present study was undertaken 
to investigate the dose-response rela- 
tionship of dorzolamide after single- 
dose administration and after precise 
multiple-dose administration every 12 
hours and every 8 hours. The concen- 
trations chosen, 0.7%, 1.4%, and 2.0%, 
were taken from the geometric series 
2, 1.4, 1, 0.7. Since both single- and 
multiple-dose 0.5% MK-927""" and sin- 
gle-dose 0.5% sezolamide (E.A.L., un- 
published data, 1988) had been demon- 
strated to be no-effect or minimal- 
effect doses, 0.7% was anticipated to 
be a minimal-effect dose for dorzol- 
amide. 


PATIENTS AND METHODS 
Patient Selection and Entry 


Participation in this investigation was 
approved by the ethical review committees 
at each of the participating institutions and 
each patient gave informed consent prior to 
entry into the study. Patients were either 
men or postmenopausal or sterile women 
aged 45 to 85 years (studies of potential 
teratogenic effects in animals were not yet 
complete). A medical and ophthalmologic 
evaluation of each patient was performed 2 
to 10 days before entry into the study. 
Admission criteria included a diagnosis of 
bilateral primary open angle glaucoma or 
ocular hypertension with IOP greater than 
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or equal to 24 mm Hg simultaneously in 
both eyes at 7 AM or 9 AM in a prestudy 
diurnal curve 2 to 4 days prior to the start 
of the study. The prestudy diurnal curve 
followed a washout period for ocular hypo- 
tensive medications of at least 72 hours for 
pilocarpine, carbachol, or aceclidine solu- 
tions; 8 days for epinephrine or dipivefrin; 
and 21 days for topical B-blockers or any 
other ocular hypotensive agents. 

Exclusion criteria included concomitant 
medication known to significantly affect 
IOP, concurrent ocular therapy other than 
the study drugs, a history of intraocular 
surgery, best corrected Snellen visual acu- 
ity at distance equal to or worse than 20/100 
OU, recent signs of ocular infection or 
inflammation, or history of severe or seri- 
ous hypersensitivity to sulfonamides. Par- 
ticular attention was paid to exclude pa- 
tients with capsular or pseudoexfoliative 
glaucoma. 


Materials 


The ophthalmic formulation of dorzola- 
mide used in this study was isotonic, buff- 
ered at pH 6.0, preserved with benzal- 
konium chloride, and included 0.5% hydrox- 
yethyl cellulose as a viscosity enhancer. The 
maximum available concentration of dorzo- 
lamide at this pH is 2.0%. 


Study Design 


This was a double-masked, randomized, 
placebo-controlled, parallel study conducted 
at four centers. Treatment regimens con- 
sisted of one drop of 2%, 1.4%, or 0.7% 
dorzolamide or placebo (vehicle) adminis- 
tered to each eye every 12 hours (7 AM and 
7 PM) on days 1 through 5 followed by 
dosing every 8 hours (7 AM, 3 PM, and 11 
PM) on days 6 through 12. Between 2 and 4 
days before the onset of dosing on day 1 and 
following an appropriate washout period for 
ocular hypotensive medications, a prestudy 
12-hour diurnal IOP curve (every 2 hours 
from 7 AM to 7 PM) was performed. 

On study day 1, IOP was measured im- 
mediately before the morning dose was 
administered (7 AM) and 2 and 4 hours 
following the morning dose. On study day 4, 
test drug was administered to each eye at 7 
PM by the investigator or designee, and on 
study day 5 IOP was measured immediately 
before the dose was administered (7 AM) 
and then every 2 hours until 12 hours after 
dosing (7 PM), paralleling the prestudy diur- 
nal curve times. On study day 11, the test 
drug was administered to each eye at 11 PM 
by the investigator or designee, and on 
study day 12 IOP was measured immediate- 
ly before the dose was administered (7 AM) 
and then every 2 hours until 12 hours after 
the morning dose (7 PM), with a dose of test 
drug being administered immediately fol- 
lowing the 3 PM IOP measurement (8 hours 
after the morning dose). 

Several procedures were undertaken to 
help increase the precision of the study and 
decrease variability in IOP measurements 
and diurnal variation. The evening dose of 
study drug on day 4 (7 PM) and on day 12 (11 
PM) was administered to the patient by the 
investigator or designee. Additionally, the 
7 AM dose of study drug was administered 


to the patient on days 1, 5, and 12. If the 
patient was to stay overnight in the hospital 
or at a nearby hotel to facilitate evening 
dosing and arrival for 7 AM IOP measure- 
ments, then the same arrangement was 
made the evening before all three 12-hour 
diurnal curves, ie, before the prestudy, day 
5, and day 12 diurnal curves. Moreover, 
within each center, all measurements of 
IOP for a given patient were performed by 
the same person, applanation tonometry 
followed instillation of a fluorescein-benox- 
inate solution, and the same Goldmann ap- 
planation tonometer was used. 

Patient safety was closely monitored 
throughout the study with multiple evalua- 
tions of symptoms, visual acuity, and exter- 
nal and anterior segment signs. Both pre- 
study and poststudy examinations included 
ophthalmoscopy through dilated pupils and 
visual field examination. 


Statistical Methods 


Throughout the text, IOP values and all 
analyses described refer to the “worse eye,” 
defined as follows: (1) the eye with the 
higher IOP at 7 AM on the prestudy diurnal 
curve day; (2) If IOP was equal in both eyes 
at 7 AM on the prestudy diurnal curve day, 
then the worse eye was the one with the 
greater IOP at 7 AM on day 1, immediately 
before the dose was administered; or (3) If 
IOP in both eyes was equal at 7 AM on both 
the prestudy day and on day 1, then the 
worse eye was defined as the right eye. An 
“average-eye” analysis (mean of right and 
left eye values) was also performed, the 
results of which were similar to those for 
the worse eye analysis. 

The analysis was based on the 72 patients 
who completed the study per protocol and 
one patient who dropped out after the day 5 
diurnal curve. The primary efficacy param- 
eters tested were change and percent 
change in IOP from prestudy values at the 
same time point. Within-treatment group 
change and percent change from the pre- 
study diurnal curve IOP values at each time 
point were tested using paired Student's t 
tests. Comparisons between treatment 
groups were accomplished using an analysis 
of variance (ANOVA) model with percent 
change from the prestudy diurnal curve 
values as the response variable. The dose- 
response relationship was investigated by 
testing linear and log-linear comparisons 
using orthogonal polynomials. Tests for 
dose response did not include the relation- 
ship to placebo. All tests were two sided 
with the probability of a type I error set at 
a=.05. 


RESULTS 


Seventy-four patients entered the 
study. One patient was excluded from 
the analyses because of concomitant 
treatment with an oral B-blocker. One 
patient dropped out following the day 5 
diurnal curve. Seventy-two patients 
completed the study per the protocol 
(15 to 21 patients per center). There 
were 46 women (mean age, 64.1 years) 
and 27 men (mean age, 65.8 years). 
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appreciable differences in distribution 
among treatment groups with regard 
to these parameters. All patients were 
white. 


















































PM, and 11 Pm; and day 12, 7 am and 3 pm. 
timmediately before the dose on day 12 was administered. 


“The dosing schedule was as follows: days 1 through 5, 7 am and 7 Pm; days 6 through 11, 7 am, 3 
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With multiple-dose administration, 
peak IOP-lowering activity generally 
occurred 2 hours after the dose was 
administered for all treatment groups. 
For 0.7% dorzolamide, IOP-lowering 


Overall, the mean age was 64.7 years 
(range, 45 to 82 years). Thirty-five 
patients had not previously received 
ocular hypotensive therapy, 24 had 
received only a B-blocker, six had been 
treated only with pilocarpine, one had 
received pilocarpine and dipivefrin, 
and seven had received a f-blocker 


plus one or two other agents (five 
received pilocarpine, one received dipi- 
vefrin, and one received dipivefrin and 
acetazolamide). The distribution by 
iris color was as follows: blue (51 pa- 
tients), green (one patient), hazel or 
light golden brown (18 patients), and 
brown (three patients). There were no 


activity 2 hours after the dose was 
administered increased substantially 
from day 1 through days 5 and 12 of 
therapy, whereas for the 2% and 1.4% 
dorzolamide groups, the IOP-lowering 
activity achieved 2 hours after the dose 
was administered on day 1 approxi- 
mated that achieved on subsequent 


Fig 2.—Mean percent change in intraocular pressure (IOP) (worse 
eye) from prestudy day to day 5 while dosing at 7 AM and 7 PM. Open 
squares indicate placebo; triangles, 0.7% dorzolamide; diamonds, 
1.4% dorzolamide; and solid squares, 2.0% dorzolamide. Hour 0 
corresponds to 7 AM. SDs range from 7.2 to 16.4. 


Fig 3.—Mean percent change in intraocular pressure (IOP) (worse 
eye) from prestudy day to day 12. Dorzolamide or placebo was admin- 
istered at 7 AM and 7 PM for the first 5 days and at 7 AM, 3 PM, and 11 PM 
for the next 7 days. Open squares indicate placebo; triangles, 0.7% 
dorzolamide; diamonds, 1.4% dorzolamide; and solid squares, 2.0% 
dorzolamide. Hour 0 corresponds to 7 AM. SDs range from 6.3 to 18.2. 
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treatment days. 

On day 5, percent changes in IOP 
from prestudy values at time-matched 
points were significant (P<.05) for all 
three active treatments at all times. 
All three active treatments were sig- 
nificantly different from placebo 
(P<.01) at all time points through 10 
hours after the dose was administered. 
Only 2% dorzolamide was significantly 
different from placebo (P=.02) 12 
hours after dosing. 

On day 12, percent changes in IOP 
from prestudy values at time-matched 
points were significant (P<.01) for all 
three active treatments at all times, 
but were significant only 2 hours after 
the placebo dose was administered. All 
three active treatments were signifi- 
cantly different from placebo (P<.01) 
at all time points. Dorzolamide (2%) 
demonstrated significantly greater ac- 
tivity (P<.05) immediately before the 
morning dose on day 12 (dosing every 
8 hours) than on day 5 (dosing every 12 
hours). Moreover, at 2 and 4 hours 
following the afternoon dose (5 PM and 
7 PM, respectively) on day 12, all three 
treatment groups demonstrated a 
mean percent decrease of 5.1% to 8.8% 
from the IOP observed on day 5 while 
receiving the drug every 12 hours. 
This was significant (P<.01) for all but 
the 0.7% dorzolamide treatment group 
at 5 PM. 

On day 1, there was a significant 
dose-dependent response 4 hours after 
the dose was administered. On day 5, 
representing twice-daily therapy, 
there was no statistically significant 
dose-response at any time point, al- 
though 2% dorzolamide had numerical- 
ly greater morning and evening trough 
activity. By day 12, representing a 
longer duration of treatment and 
three-times-daily therapy, there was 
no statistically significant dose re- 
sponse at any time point and any dif- 
ferences in activity between 2% and 
0.7% dorzolamide were marginal. 

No differences were seen between 
treatments when patients were 
grouped by prior ocular hypotensive 
therapy. 


Symptoms 


Dorzolamide was generally well tol- 
erated. Three patients experienced 
mild transient ocular irritation with 
self-administration of 2% dorzolamide, 


1. Maren TH. Carbonic anhydrase: general per- 
spectives and advances in glaucoma researeh. Drug 
Dev Res. 1987;10:255-276. 

2. Higginbotham EJ. Topical carbonie anhy- 
drase inhibitors. In: Zimmerman TJ, Kooner KS, 
eds. Ophthalmology Clinics of North America. 
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1.4% dorzolamide, and placebo vs one 
patient receiving 0.7% dorzolamide. 
There were no clinically significant ad- 
verse experiences that were consid- 
ered drug related. 


COMMENT 


Dorzolamide is the most potent topi- 
cal CAI investigated in humans. As 
previous experience with the related 
topically active compounds MK-927""" 
and sezolamide (E.A.L., unpublished 
data, 1988) resulted in no-effect or 
minimal-effect concentrations of 0.5%, 
it was anticipated that 0.7% dorzola- 
mide would be a minimal-effect dose. 
However, 0.7% dorzolamide not only 
demonstrated a substantial IOP-lower- 
ing effect after a single dose, but this 
effect increased after multiple-dose ad- 
ministration so that after 12 days of 
therapy and with the drug adminis- 
tered every 8 hours 0.7% dorzolamide 
appeared similar in efficacy to 2.0% 
dorzolamide. A dose-response relation- 
ship apparent after single-dose admin- 
istration became less apparent after 5 
days of twice-daily, multiple-dose ad- 
ministration and nearly extinguished 
after 7 days of therapy three times per 
day. 

The basic assumption of this study 
design, which investigated multiple- 
dose, dose-response at two frequencies 
of administration, was that IOP reduc- 
tion occurring after 5 days of dosing 
every 12 hours followed by 7 days of 
dosing every 8 hours was equivalent to 
that which would have been achieved 
after 12 days of dosing every 8 hours. 
This appeared reasonable based on the 
duration of action of dorzolamide, in 
addition to the relatively small in- 
crease in effect demonstrated when 
the dosing frequency was increased 
from twice to three times daily. How- 
ever, given the increase in effect seen 
with 0.7% dorzolamide from day 1 to 
day 5, one must be considerably more 
cautious in using day 5 vs day 12 
comparisons to make conclusions about 
twice-daily vs three-times-daily effect, 
since here there is the possibility of 
some degree of confounding of fre- 
quency with duration of therapy. 

Although previous studies with 
0.5%, 1%, and 2% MK-927,"" 1.8% 
sezolamide,"" and 2% dorzolamide”” 
in patients have not demonstrated an 
increase in peak effect after multiple 
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doses or increased frequency of admin- 
istration, this was indeed observed for 
0.7% dorzolamide. This may indicate 
that when given at low doses, dorzola- 
mide might require multiple doses to 
build up to steady state levels of drug 
concentration in the ciliary processes. 
Therefore, it may well be necessary to 
investigate concentrations much lower 
than 0.7% for periods substantially 
greater than 12 days to establish a 
minimal-effect or no-effect dose. 

Preliminary data indicate that 3% 
dorzolamide does not demonstrate an 
effect superior to that observed here 
with 2% dorzolamide." This appears to 
confirm that 0.7% and 2% dorzolamide 
are at the top of the dorzolamide dose- 
response curve. 


This study has shown that 0.7% and 
2.0% dorzolamide administered either 
twice daily or three times daily demon- 
strate a substantial, clinically relevant 
10P-lowering effect. The degree of 
IOP lowering demonstrated approach- 
es but overall appears to be somewhat 
less than that observed with multiple- 
dose acetazolamide or methazolamide 
therapy,” although study designs and 
patient criteria differ considerably and 
a true assessment awaits a direct com- 
parative trial. The degree of efficacy 
demonstrated for 2% dorzolamide 
twice daily is consistent with prelimi- 
nary data demonstrating substantial 
additional IOP lowering when 2% dor- 
zolamide twice daily is given to pa- 
tients whose IOPs are inadequately 
controlled with 0.5% timolol twice 
daily." 

Dorzolamide appears to have sub- 
stantial potential in the treatment of 
glaucoma and ocular hypertension, and 
large-scale, long-term clinical trials are 
under way. Longer-term investiga- 
tions in a more diverse patient popula- 
tion including concentrations of dorzo- 
lamide below 0.7% will be necessary to 
demonstrate a no-effect or minimal- 
effect dose and to establish the optimal 
regimen for the treatment of patients. 
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Immune-Related Disease and Normal-Tension Glaucoma 


A Case-Control Study 


Mont J. Cartwright, MD; Alana L. Grajewski, MD; Murray L. Friedberg, MD; Douglas R. Anderson, MD; David W. Richards, MD 


e We reviewed the charts of 67 pa- 
tients with the diagnosis of normal-ten- 
sion glaucoma listed in the Bascom 
Palmer Eye Institute computer database. 
These patients were matched with re- 
spect to age, race, and sex with an equal 
number of patients having ocular hyper- 
tension. All medical diagnoses in the 
charts for both groups were tabulated 
and classified as either immune-related 
or non-immune-related. Twenty (30%) 
patients with normal-tension glaucoma 
had one or more immune-related dis- 
ease(s) compared with five (8%) patients 
in the comparison group (P=.00134, 
McNemar statistic with continuity 
correction). 

(Arch Ophthalmol. 1992;110:500-502) 


L ocal ischemia, possibly due to vaso- 

spasm, has been suggested as a 
pathophysiologic mechanism in nor- 
mal-tension glaucoma.” Because im- 
mune-mediated insults can induce isch- 
emia by their effect on the vascular 
system,”® we studied a group of pa- 
tients with normal-tension glaucoma to 
look for a statistical relationship be- 
tween immune-related disease and 
susceptibility to glaucomatous optic 
nerve damage. While vasospasm is an 
important pathophysiologic mechanism 
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of immune-mediated disease, it is not 
the only one. In an effort to detect any 
association of immune-related diseases 
and optic nerve damage, we consid- 
ered a wide range of such disorders 
rather than including only those known 
to involve vasospasm. Since an abnor- 
mally high sensitivity to intraocular 
pressure may be important in the de- 
velopment of normal-tension glauco- 
ma,’ we chose control patients with a 
presumably reduced vulnerability to 
pressure, namely, patients with ocular 
hypertension. 


SUBJECTS AND METHODS 


All patients with the diagnosis of normal- 
tension glaucoma or ocular hypertension in 
the Bascom Palmer Eye Institute (Miami, 
Fla) computer database were identified. 
Sixty-seven patients met the criteria for 
normal-tension glaucoma as previously used 
by Cartwright and Anderson.” Each patient 
with normal-tension glaucoma was matched 
according to age (within 2 years), sex, and 
race to a control patient with ocular hyper- 
tension. To be classified as ocular hyperten- 
sive, a patient must have had an intraocular 
pressure (in either eye) of greater than 22 
mm Hg on at least two occasions, without 
glaucomatous visual field loss or glaucoma- 
tous optic nerve damage. 

Each patient’s chart was reviewed and all 
medical diagnoses (diseases) noted on the 
chart were tabulated. No attempt was 
made to identify evidence for the presence 
of a disease beyond what was listed in the 
standardized medical history obtained at 
the time of ocular examination. A list of 
medical diagnoses for all patients from both 
groups was consolidated to produce a mas- 
ter list of patient diagnoses. This master 
list is given in Table 1, along with a break- 
down by normal-tension glaucoma or ocular 
hypertension grouping. 


The master list of all diagnoses was then 
compared with a previously compiled list of 
immune-related diseases without reference 
to the individual patient charts or to the 
glaucoma classification of Table 1. The list 
of immune-related diseases was based on a 
standard reference.” Whether a given clini- 
cal diagnosis matched a disease on the list of 
immune-related disorders was determined 
jointly by two investigators (M.J.C. and 
M.L.F.). Classification of “arthritis” and 
“hypothyroidism” as immune-related disor- 
ders presented some uncertainty; these two 
disorders are discussed infra vide. Insulin- 
dependent diabetes, although believed to be 
immune-related,”” was not categorized as 
such for this study. Available data do not 
permit determination as to which adult- 
onset diabetics were using insulin rather 
than oral hypoglycemics. The use of 
matched controls should, in principal, elimi- 
nate bias resulting from difficulties of dis- 
ease classification. Bias resulting from in- 
complete and/or erroneous histories 
obtained retrospectively should also be re- 
duced in this way. 

The total number of immune-related dis- 
eases was then determined for each patient. 
A patient having one or more immune- 
related diseases was assigned a score of one 
point; otherwise, the score was zero. The 
McNemar statistic with continuity correc- 
tion was used to establish the statistical 
significance of the difference between the 
two groups.” 


RESULTS 


There were 45 women and 22 men in 
each group, yielding a total of 67 pa- 
tients. Ages ranged from 51 to 88 
years (mean, 73 years). All patients 
were white. In the normal-tension 
glaucoma group, there was a mean of 
3.6 nonocular diagnoses per patient. 
The ocular hypertensive patients had a 
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Disorder 


Table 1.—List of Diagnoses in 
Normal-Tension Glaucoma (NTG) and 
Ocular Hypertension (OHT) Groups 


NTG OHT 














Table 1.—List of Diagnoses in Nor- 
mal-Tension Glaucoma (NTG) and Oc- 
ular Hypertension (OHT) Groups (cont) 








Disorder NTG OHT 








Abdominal surgery 

Allergic dermatitis * 

Anemia 

Angina 

Appendicitis, appendix 

Arm fracture 

Arthritis * 

Asthma 

Back surgery 

Benign prostatic 
hypertrophy 

Bladder cancer 

Bone tumor 

Bowel cancer 

Breast cancer 

Breast tumor 

Bronchiectasis 

Bronchitis 

Carotid occlusion 

Cerebral aneurysm 

Cholecystectomy 

Cholecystitis 

Congestive heart failure 

Coronary artery disease 

Cystocele 

Degenerative joint 
disease 

Depression 

Dermatitis 

Diabetes (insulin- 
dependent) 

Diabetes (non-insulin- 
dependent) 

Dilation/curettage 

Dysrhythmia 

Ectopic pregnancy 

Emphysema 

Empyema 

Encephalitis 

Esophageal diverticula 

Facial trauma 

Factor XIII deficiency 

Foot amputation 

Gastrointestinal bleed 

Gastrointestinal ulcer 

Gout 

Graves’ disease * 

Hand surgery 

Hay fever * 

Headaches 

Heart enlarged 

Heart murmur 

Heart valve 

Hemorrhoids 

Hernia 

Hiatal hernia 

Hip fracture 

Hip replacement 

Hypercholesterol 

Hypertension 

Hyperuricemia 

Hyperventilation 

Hypoglycemia 

Hypoprothrombinemia 

Hypotension 

Hypothyroidism * 

Hysterectomy 

Intussusception 

Laminectomy 

Lung cancer 

Mastoiditis 

Metal toxicity 

Migraine 

Mitral valve prolapse 

Myocardial infarction 

Myomectomy 

Nasal polyps 

Near drowning 
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Nephrolithiasis 
Nephrosclerosis 
Oophorectomy 
Parkinson's disease 
Pernicious anemia * 
Pituitary tumor 
Pneumonia 

Polymyalgia rheumatica * 
Prostate 

Prostate cancer 
Prostatectomy 

Rash 

Raynaud's disease * 
Rectal prolapse 
Rectocele 

Rheumatic fever * 
Rickets 

Shock 

Sinusitis 

Skin cancer 

Skin herpes 

Skin melanoma 

Skin ulcers 

Stroke 

Syncope 

Thyroid cancer 

Thyroid nodule 

Thyroid nonspecific 
Tonsillectomy 

Tonsillitis 

Transfusion 
Tuberculosis 

Ulcerative colitis * 
Uterine cancer 
Uterine laxity 
Uterine fibroids 
Varicose veins 
Vascular disease 
Vocal cord tumor 


“Disorders classified as immune-related for 
purposes of further analysis. 
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mean of 1.6 nonocular diagnoses per 
patient. 

Table 2 lists the 22 matched pairs 
that resulted when at least one patient 
in the pair had an immune-related dis- 
ease. The 45 matched pairs not listed 
had no immune-related disease in ei- 
ther patient. A total of two patients 
with normal-tension glaucoma had no 
reported disease other than glaucoma; 
17 patients with ocular hypertension 
had no reported diagnoses other than 
ocular hypertension. Twenty (30%) of 
the 67 patients with normal-tension 
glaucoma had one or more immune- 
related disease compared with five 
(8%) patients with ocular hyperten- 
sion. Of the 22 pairs in Table 2, only 
four (18%) were men. Three of the 
patients with normal-tension glaucoma 
had more than one immune-related dis- 
ease, whereas no patient with ocular 
hypertension had more than one im- 
mune-related disease. 

Table 3 lists the overall frequency of 
each immune-related disease for all 
patients. Table 4 summarizes the 
matched pair score data used in the 






McNemar statistic. With this test, the 
probability was P=.00134 that our 
findings would occur by chance in the 
absence of correlation between nor- 
mal-tension glaucoma and immune-re- 
lated disease. 

In case the term arthritis is ambigu- 
ous with respect to its etiology (im- 
mune-related or otherwise), we also 
processed the data after elimination of 
arthritis as a diagnosis in Table 1. The 
numbers in the first column of Table 4 
then become 15, 0, 1, and 51, and the 
McNemar statistic (with continuity 
correction) gives P= .00029. Exclusion 
of arthritis as an immune-related dis- 
ease therefore improves the statistical 
significance of the results. 

In addition to arthritis, there is a 
second, frequently occurring diagnosis 
in Table 3: hypothyroidism. Apart 
from cases of thyroid ablation, thyroid 
gland failure is usually caused by auto- 
immune thyroiditis.” The term hypo- 
thyroidism is, therefore, less likely to 
be ambiguous with regard to etiology 
than is arthritis. 


COMMENT 


Even in the normal-tension range, 
there is evidence that intraocular pres- 
sure plays a role in producing glauco- 
matous damage.* In addition, relation- 
ships of damage to abnormalities in 
blood viscosity” and to vasospasm” 
have been reported, suggesting an in- 
teraction between pressure and vascu- 
lar conditions in determining risk. 

Because of possible association be- 
tween glaucoma and vasospasm, and in 
turn the occurrence of vasospasm in 
some forms of immune-related dis- 
ease,’ we studied the incidence of 
immune-related disease in patients 
who suffered optic nerve damage at 
normal intraocular pressure, compared 
with patients whose optic nerves resist 
the insult of high pressure. Our results 
support an association between sus- 
ceptibility to glaucomatous damage 
and immunoreactive tendencies. To 
our knowledge, this study is the first 
to indicate an association between nor- 
mal-tension glaucoma and immune-re- 
lated disease. This apparent associa- 
tion is based on a retrospective chart 
review and must therefore be viewed 
with caution. It should be regarded as 
a preliminary result only. However, 
the results were collected in an unbi- 
ased manner, with careful matching of 
the two groups. The high statistical 
significance of the difference therefore 
justifies a report of our findings. It 
should be emphasized that these find- 
ings do not lend direct support to any 
particular pathophysiologic mechanism 
(eg, local ischemia and vasospasm) as a 
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‘Table 2.—Patient Pairs With Immune-related Disease 


Normal-Tension Glaucoma 


Patient 
Pair/Sex Age, y 


Diagnoses 


Ocular Hypertension 
-_—-ooo > 


Age, y Diagnosis 





1/F » 59 


Hypothyroidism 


59 None 





2/F 60 





Raynaud's disease 60 


Hay fever 





3/F 60 


Arthritis, hypothyroidism 58 


None 





4/F 67 


Hypothyroidism 


67 None 





5/F 68 


Hypothyroidism 


68 None 





6/F 69 


Hypothyroidism 


69 None 





7/M 70 Arthritis 


70 None 





8/F 74 


Rheumatic fever 74 


None 





9/F 74 


Hypothyroidism 


74 None 





10/F 75 


Hypothyroidism 


75 None 





11/F 76 None 


76 Arthritis 





12/F 76 Hay fever 


76 None 





13/M 78 Arthritis 


78 None 





14/F 79 


Hypothyroidism 


79 None 





15/F 79 Arthritis 


79 None 





16/M 82 


Allergic dermatitis 82 


None 





17/F 83 Arthritis 


83 None 





18/M 85 


Graves’ disease 85 


None 





19/F 86 


Arthritis, hay fever 85 


Arthritis 





20/F 86 


Arthritis, polymyalgia 86 


None 


rheumatica, pernicious 


anemia 





21/F 87 


Ulcerative colitis 87 


Arthritis 


Table 3.—Ilmmune-Related Disease 
Summary 


No. of 
Immune-Related 
Disease 
m 
Normal- Ocular 
Tension Hyper- 


Disease Glaucoma tension 


Allergic dermatitis 
Arthritis 
Graves’ disease 
Hay fever 
Hypothyroidism 
Pernicious anemia 
Polymyalgia 
rheumatica 
Raynaud's disease 
Rheumatic fever 
Ulcerative colitis 
Total 





aoooc°o oo-Oofro 


Normal- 
Tension 
Glaucoma 
Score 


Ocular 
Hypertension 
Score 


No. of 
Patient 
Pairs 





88 None 


basis of normal-tension glaucoma. In 
fact, several of the immune-related 
disorders included are not typically 
described as having associated vascu- 
lar spasm. 

With the above reservations in 
mind, we could speculate that, in indi- 
viduals with an inclination to autoim- 
munity (a subset of all immune-related 
phenomena), immunopathogens may 


1. Carter CJ, Brooks DE, Doyle DL, Drance 
SM. Investigations into a vascular etiology for low- 
tension glaucoma. Ophthalmology. 1990;97:49-55. 

2. Flammer J. Vasospasm as a potential factor in 
the pathogenesis of normal tension glaucoma. In: 
Bechetoille A, ed. Glauwcomes a Pression Normale. 
Angers, France: Japperenard; 1990:187-194. 

3. Coffman JD, Davies WT. Vasospastic dis- 
eases: a review. Prog Cardiovase Dis. 1975;18:123- 
146. 

4, Selig WM, Bendele AM, Fleisch JH. Antigen- 
induced edema formation, bronchoconstruction, 
and pulmonary vasospasm in the isolated perfused 
guinea pig lung: evidence for a secondary edema- 
genic response. Am Rev Respir Dis. 1988;138:552- 
559. 

5. Egashira K, Origuchi H, Sagara T, Kikuchi Y. 
Coronary artery spasm during hydrocortisone-in- 
duced allergic reactions. Am Heart J. 
1987;113:1516-1517. 

6. Van Der Meulen J, Wouda AA, Mandema E, 
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88 Arthritis 


inflict damage to the optic nerve or its 
vessels, for example, by attacking 
antigens that have cross-reactivity 
with a primary antigenic stimulus. 
Perhaps the optic nerve vessels are a 
primary antigenic stimulus. Alterna- 
tively, damage may be indirect, result- 
ing when flow in small vessels is im- 
peded by high blood viscosity or 
vasospasm induced by blood-borne im- 
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mune complexes. Further study will 
be required to confirm the association 
we have detected and to explore 
underlying pathophysiologic mech- 
anisms. 
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The Results of Glaucoma Surgery in Aniridia 


Robert E. Wiggins, Jr, MD, Karim F. Tomey, MD 


è Aniridia is an uncommon disorder 
that may be associated with glaucoma 
that is usually refractory to conventional 
medical and surgical therapy. In this 
study, we report our experience with the 
surgical management of glaucoma in an- 
iridia in 17 eyes of 10 patients. A total of 
45 surgical procedures were performed. 
The mean preoperative intraocular pres- 
sure was 38 mm Hg. The intraocular 
pressure was ultimately controlled suc- 
cessfully in 11 eyes (intraocular pressure 
range, 8 to 20 mm Hg) with a mean of 2.8 
surgical procedures required in success- 
ful cases. Trabeculectomy controlled the 
intraocular pressure in one eye, but it 
was successful in only 9% of cases in 
which it was performed. Cyclocryother- 
apy was successful in five eyes (25% of 
cases in which it was performed), al- 
though complications of phthisis bulbi 
and progressive cataract occurred. We 
detail our experience with the Molteno 
implant, which was successful in five 
eyes (83% of cases in which it was per- 
formed). We have found this type of 
drainage device to be effective in control- 
ling intraocular pressure in aniridic eyes 
when previous attempts at control have 
failed. 

(Arch Ophthalmol. 1992;110:503-505) 


niridia is an uncommon disorder 
characterized by the absence of all 
but the most peripheral portion of the 
iris. The disorder is commonly familial, 
and is transmitted as an autosomal- 
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dominant trait. Other ocular abnormal- 
ities are often present, including 
corneal opacification, cataracts, nys- 
tagmus, and foveal and optic nerve 
hypoplasia. Glaucoma has been esti- 
mated to develop in up to 75% of 
patients with aniridia and is thought to 
occur because of progressive angle clo- 
sure by the rudimentary stump of iris.’ 
Although medical therapy may initially 
be efficacious in reducing intraocular 
pressure (IOP), many patients will 
eventually require surgery. Unfortu- 
nately, conventional glaucoma surgery 
in these patients is often unsuccessful, 
and Walton’ has stated that once glau- 
coma is present, “there is no surgical 
procedure that we can recommend as 
the procedure of choice and that could 
be considered predictably effective in a 
satisfactory percentage of patients.” 

In this study, we report the success 
rates and complications associated 
with various surgical procedures used 
at our institution to control glaucoma 
in aniridia. We detail our experience 
with the Molteno implant, which we 
have found to be effective in this condi- 
tion when previous attempts at IOP 
reduction have failed. 


PATIENTS AND METHODS 


We reviewed the records of all patients 
with aniridia at the King Khaled Eye Spe- 
cialist Hospital, Saudi Arabia, who have 
undergone glaucoma surgery. For each pa- 
tient, the following information was collect- 
ed: age at surgery, type of procedure, pre- 
operative and postoperative IOP, corneal 
diameter, visual acuity, length of postoper- 
ative follow-up, complications, and designa- 
tion of whether the condition was sporadic 
or familial. 

Intraocular pressure measurements were 
recorded from unsedated examinations or 
examinations in which chloral hydrate seda- 


tion was used. Measurements were taken 
with a Goldmann or Perkins tonometer or a 
pneumotonometer. 

When cyclocryotherapy was performed, 
standard treatment consisted of six applica- 
tions lasting 1 minute over 180° of the globe 
(one application per clock hour). When re- 
peated applications were performed, one 
quadrant was spared in an attempt to re- 
duce the incidence of phthisis bulbi. 

In the cases in which Molteno implants 
were used, surgery was performed using a 
previously described technique.” Several 
modifications to the original description 
that have been reported to improve the 
success rate and reduce complications were 
incorporated.’ All surgery was performed 
as a single stage. A temporary suture was 
ligated around the tube at the end of sur- 
gery, and intracameral sodium hyaluronate 
was used at the end of the operation to 
reduce postoperative hypotony. Scleral 
grafts covering the tube and scleral flap 
were routinely used. A double-plate im- 
plant was used in some cases. 


RESULTS 


Surgery was performed on 17 eyes of 10 
patients with uncontrolled glaucoma be- 
tween 1983 and 1990. Five of the patients 
had familial aniridia (autosomal dominant) 
and the remaining five cases were sporadic. 
No patient with sporadic aniridia developed 
Wilms’ tumor. The patients’ mean age at 
initial surgery was 7 years (range, 2 weeks 
to 25 years), but the distribution was bi- 
modal. Most patients underwent initial sur- 
gery either during the first years of life or 
as teenagers. In general, those patients 
with sporadic aniridia were younger (mean 
age, 1.2 years) than patients with familial 
aniridia (mean age, 13.5 years) at the time 
of initial surgery. 

Forty-five glaucoma procedures were 
performed on this group. The mean preop- 
erative IOP was 38 mm Hg. Surgery was 
defined as successful when the postopera- 
tive IOP was 21 mm Hg or less with or 
without glaucoma medication. The proce- 
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No. of 
Procedures 


Procedure 


No. of 
Successful Unsuccessful 
Procedures Procedures 


No. of 





Cyclocryotherapy 


Trabeculectomy 
Trabeculectomy with fluorouracil 
Molteno implant 

Ciliary process laser 
Trabeculotomy 

Total 


dure was deemed unsuccessful if the IOP 
was more than 21 mm Hg or a complication 
resulting in significant visual loss occurred. 
Our results are summarized in the Table. 

The IOP was controlled in 11 (65%) of 17 
eyes, with a mean postoperative follow-up 
of 28 months since the last procedure. Of 
five eyes in which IOP was controlled with 
cyclocryotherapy, a mean of two treat- 
ments (usually 180°) was required. Intrao- 
cular pressure in these eyes ranged from 8 
to 20 mm Hg. A sixth eye had an IOP of 
23 mm Hg 26 months after cyclocryother- 
apy and required betaxolol hydrochloride, 
dipivefrin hydrochloride, and acetazolamide 
treatment for control. Of five eyes in which 
IOP was controlled with Molteno implants, 
only one required reoperation. A mean of 
2.8 surgical procedures was performed in 
those cases in which the IOP was ultimately 
controlled. The only significant complica- 
tion among those eyes in which the IOP was 
successfully controlled was one case in 
which a progressive cataract developed af- 
ter cyclocryotherapy. It was extracted 
without complication. 

Of the six eyes that experienced failure, 
four lost all light perception. Two developed 
phthisis bulbi, one after cyclocryotherapy 
and a second after argon laser photocoagu- 
lation of the ciliary processes. A retinal 
detachment occurred in one aphakie eye 
after trabeculectomy. Chronic, uncontrolled 
IOP resulted in no light perception in one 
case. A fifth eye retained visual acuity and 
is awaiting further surgery because of per- 
sistent elevated IOP. 

The sixth eye was classified as having 
experienced failure because of an IOP of 
23 mm Hg 26 months after cyclocryother- 
apy. However, this represents a significant 
reduction from the preoperative IOP of 
46 mm Hg. Because this eye underwent 
four procedures previously and since no 
progression of optic nerve cupping has been 
noted, no further procedures are planned to 
date for this eye unless there is further 
elevation of IOP or evidence of progressive 
glaucomatous optic atrophy. 

On examination of eyes that experienced 
failed procedures (excluding those resulting 
in no light perception), the mean postopera- 
tive IOP was 36 mm Hg (range, 23 to 
45 mm Hg). All but six (20%) of 30 failures 
occurred within 3 months after surgery, 
with the remaining failures occurring be- 
tween 7 and 36 months after surgery. Of 
the six late failures, five were cases of eyes 
that had undergone trabeculectomies, with 
loss of adequate filtration. The sixth was a 
case of an eye that had undergone cryother- 
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apy. We detail below our experience with 
those five patients who received a Molteno 
implant. 


REPORT OF CASES 


CASE 1.—A 10-year-old girl with familial 
aniridia presented with bilateral, uncon- 
trolled glaucoma; she was receiving maxi- 
mal medical therapy despite having under- 
gone several glaucoma procedures. 
Horizontal corneal diameters were 12 mm 
in both eyes. The IOP was 44 mm Hg OD 
after two failed trabeculectomies. 

Visual acuity was no light perception as a 
result of end-stage glaucomatous optic 
nerve damage. In the aphakic left eye, IOP 
was 40 mm Hg after three unsuccessful 
trabeculectomies and 180° of cyclocryother- 
apy. Visual acuity was 4/200. A single-plate 
Molteno implant was placed in the left eye, 
and 6 months after surgery, IOP remained 
controlled at 1 mm Hg with no antiglau- 
coma treatment. There have been no com- 
plications to date. 

CASE 2.—A 15-year-old girl with familial 
aniridia was found to have bilateral glauco- 
ma. Horizontal corneal diameters were 
11.5 mm in both eyes. She was aphakic 
bilaterally after lensectomy for aniridia- 
related cataracts. Glaucoma in the left eye 
was controlled with medication alone. In- 
traocular pressure in the right eye re- 
mained elevated, however, at 35 mm Hg 
while the patient received maximal medical 
therapy. A trabeculectomy with fluoroura- 
cil was performed; it subsequently failed. 
Because of persistent elevated IOP (85 mm 
Hg), a double-plate Molteno implant proce- 
dure was performed when the patient was 
age 17 years. Eight months after surgery, 
the IOP remained controlled at 8 mm Hg 
with the patient receiving no antiglaucoma 
medication. Visual acuity was counting fin- 
gers. There have been no complications to 
date. 

CASE 3.—A 16-year-old girl with familial 
aniridia developed bilateral glaucoma with 
uncontrolled IOP in the right eye (50 mm 
Hg) and was receiving maximal medical 
therapy. A subluxed cataractous lens was 
present in the right eye. A trabeculectomy 
with fluorouracil combined with a lensec- 
tomy and anterior vitrectomy was per- 
formed. Within 6 weeks after surgery, the 
procedure had failed and the IOP was 
45 mm Hg. A double-plate Molteno implant 
was placed, and the IOP was 15 mm Hg 
with no medication being administered 18 
months after surgery. Visual acuity was 
counting fingers. There have been no com- 
plications to date. 


CASE 4.—A 4-year-old boy with sporadic 
aniridia was diagnosed with bilateral glau- 
coma shortly after birth. Horizontal corneal 
diameters were 14 mm in both eyes. A 
trabeculotomy and _ trabeculectomy per- 
formed in each eye during the first year of 
life were unsuccessful. During the next 3 
years, 180° of cyclocryotherapy was per- 
formed three times in the left eye and twice 
in the right eye. One quadrant was spared 
treatment in each eye. Despite therapy, the 
IOP remained elevated (85 mm Hg OU) 
with maximal medical therapy. A single- 
plate Molteno implant was placed in the 
right eye at age 4 years, and the IOP 
remained controlled (7 mm Hg) with no 
medication administered 40 months after 
surgery. Visual acuity was hand motions. 
There have been no complications to date. 

CASE 5.—A 3-year-old girl with sporadic 
aniridia was noted to have bilateral glauco- 
ma in the first month of life. Intraocular 
pressure in the left eye was 23 mm Hg 
while the patient received betaxolol hydro- 
chloride, dipivefrin hydrochloride, and ace- 
tazolamide treatment after 180° of argon 
laser therapy to the ciliary processes and 
three sessions of 180° cyclocryotherapy 
(sparing one quadrant). The IOP was 
45 mm Hg OD after a failed trabeculectomy 
and 180° of cyclocryotherapy. 

When the patient was aged 14 months, a 
single-plate Molteno implant was placed in 
the right eye. Two months after surgery, 
the tip of the tube had nearly withdrawn 
from the anterior chamber and the implant 
had become nonfunctional; IOP was 
37 mm Hg. This was thought to be related 
to migration of the implant related to sta- 
phylomatous changes of the sclera in the 
quadrant in which the implant had been 
placed. A second single-plate implant was 
placed in a different quadrant. The IOP 
remained controlled at 18 mm Hg 2 years 
after surgery while the patient was treated 
with betaxolol, dipivefrin, and acetazola- 
mide. To date, the child can follow a light 
with each eye. 


COMMENT 


The reported incidence of glaucoma 
in aniridia varies from 6% to 75%.” The 
mechanism of glaucoma in most cases 
is thought to be related to progressive 
angle closure by the residual stump of 
iris, and it occurs most frequently in 
patients between the ages of 5 and 15 
years. Glaucoma is uncommon in in- 
fancy and has been associated with 
abnormalities of Schlemm’s canal in 
this age group.’ The patients in our 
series reflect this young age distribu- 
tion, with all having undergone glauco- 
ma surgery by age 25 years. They 
appear to represent two groups, those 
with sporadic aniridia undergoing ini- 
tial surgery in the first years of life and 
those with familial aniridia undergoing 
surgery as teenagers. 

Treatment of glaucoma in aniridia 
can be difficult. Medical therapy is 
used initially, but many patients will 
eventually require surgery. There is 
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some evidence that eyes with aniridia 
tend to withstand an elevated IOP 
better than other glaucomatous eyes, 
and surgery has been recommended 
only when there is evidence of progres- 
sive visual field loss or nerve damage 
despite medical therapy.’ 

Because many patients are young 
and sometimes aphakic, the results of 
conventional filtering surgery are of- 
ten disappointing, although some suc- 
cess has been reported in older pa- 
tients.’ The mean age of patients at 
initial surgery in our series was 7 
years, and six (35%) of 17 eyes were 
aphakic at some point in the course of 
therapy. Only one (7%) of 15 trabecu- 
lectomies was successful. The group 
included four procedures using fluoro- 
uracil. This antimetabolite has been 
useful in inhibiting fibroblast prolifera- 
tion, which plays a major role in the 
failure of filtering surgery, especially 
in younger patients.’ However, none of 
the four patients in whom this adjunct 
was used had successful filtration. 

Goniotomy and trabeculotomy are 
also usually unsuccessful once glauco- 
ma is present. Walton,’ however, has 
advocated goniotomy as a prophylactic 
procedure to separate the iris from the 
trabecular meshwork before glaucoma 
develops. In 38 eyes in which this 
procedure has been performed, only 
two (5%) have developed an elevated 
IOP. No goniotomies were performed 
in our series, and the two trabeculoto- 
mies performed were unsuccessful. 

With regard to laser therapy, argon 
laser trabeculoplasty has been report- 
ed to be ineffective in older patients 
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with open angles. Argon laser treat- 
ment directly to the ciliary processes 
appears to have only a transient pres- 
sure-lowering effect.’ This procedure 
was performed on two occasions in our 
series. One eye developed a vitreous 
hemorrhage after laser therapy and 
subsequently became phthisical. The 
second eye did not show any reduction 
in IOP. 

Some long-lasting benefit has been 
reported with cyclodestructive proce- 
dures, although accelerated opacifica- 
tion of the peripheral corneal epitheli- 
um, cataract formation, and phthisis 
bulbi are reported complications. ** The 
IOP in five eyes in this series were 
ultimately controlled with cycloeryo- 
therapy, although more than one treat- 
ment session was usually required. 
Complications with cyclocryotherapy 
included one ease of phthisis bulbi and 
another with a progressive cataract 
that was subsequently removed 
uneventfully. 

The Molteno implant, an aqueous 
drainage device, has been used in the 
treatment of refractory glaucoma.’ 
Originally described in 1969, it consists 
of a silicone tube connected to a thin 
acrylic plate.” It has been used success- 
fully in a variety of cases with poor 
prognosis for filtering surgery, includ- 
ing neovascular glaucoma, aphakic/ 
pseudophakic eyes with glaucoma, con- 
genital and juvenile glaucoma, and 
uveitic glaucoma.’ Recent modifica- 
tions in the surgical technique have 
resulted in a higher success rate and 
fewer complications. 

Molteno et al" have reported a 95% 
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success rate with the implant in ad- 
vanced juvenile glaucoma. This group 
encompassed a wide variety of diag- 
noses, including three eyes with aniri- 
dia, all of which had successful reduc- 
tion of IOP with surgery. In addition, 
Billson et al’ have described two aniri- 
dic patients successfully treated with a 
Molteno seton as the first procedure. 
The most severe postoperative compli- 
cations encountered with the implant 
have included hypotony, flattening of 
the anterior chamber, and tube-endo- 
thelial contact.’ 

The Molteno implant was effective in 
controlling IOP in this series. Five 
eyes were controlled with this proce- 
dure and only one eye required reoper- 
ation. Aside from the one case of tube 
migration necessitating a second pro- 
cedure, no complications were encoun- 
tered. Each eye had undergone a mean 
of 2.5 unsuccessful attempts at IOP 
reduction prior to implant placement. 
The procedure was successful in both 
the more typical cases, with onset of 
glaucoma in later childhood (cases 1 
through 3) as well as in those cases 
with onset in infancy (cases 4 and 5). 
We recommend the Molteno implant 
for cases of glaucoma in aniridia when 
previous attempts at surgery have 
been unsuccessful. Its role as a prima- 
ry procedure for this condition war- 
rants further investigation. 


This study was supported in part by the Re- 
search Department, King Khaled Eye Specialist 
Hospital, Riyadh, Saudi Arabia. 

The authors do not have any commercial interest 
in the Molteno implant. 


gery in refractory glaucoma. Surv Ophthalmol. 
1990;34:441-448, 

8. Molteno ACB, Ancker E, Biljon GV. Surgical 
technique for advanced juvenile glaucoma. Arch 
Ophthalmol. 1984;102:51-57. 

9. Billson F, Ravi T, Aylward W. The use of the 
two-stage Molteno implants in developmental glau- 
coma. J Pediatr Ophthalmol Strabismus. 1989; 
26:3-8. 


Aniridia— Wiggins & Tomey 505 


Reoperation Following Diabetic Vitrectomy 


Gary C. Brown, MD; William S. Tasman, MD; William E. Benson, MD; J. Arch McNamara, MD; Ralph C. Eagle, Jr, MD 


è A review of 484 consecutive eyes 
that were undergoing an initial pars pla- 
na vitrectomy for the sequelae of prolifer- 
ative diabetic retinopathy disclosed that 
41 eyes (8.5%) required one or more 
additional vitrectomy operations. The 
primary causes for reoperation included 
rhegmatogenous retinal detachment in 
18 (44%) of the 41 eyes, recurrent vitre- 
ous hemorrhage in 21 eyes (51%), and 
glaucoma in two eyes (5%). The visual 
prognosis was worse in the group with 
rhegmatogenous_ retinal detachment, 
with 10 (56%) of 18 eyes progressing to 
no light perception (P=.003). Severe 
preretinal and subretinal fibrous prolifer- 
ation, as demonstrated histopathologi- 
cally, accounted in large part for the poor 
result. The preretinal membrane forma- 
tion appeared to occur secondary to a 
combination of diabetic extraretinal vas- 
cular growth and proliferative vitreoreti- 
nopathy. Among the total group of 41 
eyes that required subsequent surgery, 
the retina eventually remained detached 
in 18 eyes (44%), and phthisis bulbi oc- 
curred in 13 eyes (32%). Rubeosis iridis 
developed in 17 (94%) of 18 eyes in 
which the retina remained detached. 

(Arch Ophthalmol. 1992;110:506-510) 


Q ince the advent of pars plana vitrec- 

tomy in the early 1970s, more ad- 
vanced instrumentation and greater 
experience have allowed the retina 
surgeon to achieve improved visual 
results.""' Thompson et al’ noted that 
in eyes that underwent vitrectomy for 
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nonclearing diabetic vitreous hemor- 
rhage, 44% of those operated on be- 
tween 1974 and 1980 eventually 
achieved a visual acuity of 20/100 or 
greater. Among similar eyes that un- 
derwent surgery between 1981 and 
1983, 56% had a final visual acuity of 
20/100 or greater. Benson et al’ report- 
ed that 82% of eyes that underwent 
one vitrectomy for nonclearing vitre- 
ous hemorrhage achieved at least a 
two-line improvement in visual acuity. 
An additional 6% of eyes in this series 
had recurrent vitreous hemorrhage af- 
ter surgery and had not yet undergone 
repeated surgery for removal of the 
blood when the article was written. 
Despite improving visual results, 
some patients fare poorly after pars 
plana vitrectomy for the sequelae of 
proliferative diabetic retinopathy. The 
Diabetic Retinopathy Vitrectomy 
Study Research Group’ noted that ap- 
proximately 20% of eyes with useful 
vision that were undergoing early vi- 
trectomy for severe proliferative dia- 
betic retinopathy progressed to no 
light perception. Because of the poten- 
tial severe complications of pars plana 
vitrectomy, the authors chose to re- 
view the cases of patients who under- 
went the procedure for the sequelae of 
diabetic retinopathy and later required 
additional posterior segment surgery. 


MATERIALS AND METHODS 


A computer search identified the charts 
of all eyes that underwent a three-port pars 
plana vitrectomy by one of the authors 
(G.C.B., W.S.T., W.E.B., and J.A.M.) for 
the sequelae of proliferative diabetic reti- 
nopathy during a 5-year period from 1985 
through 1989. The indications for surgery 
generally included a traction retinal detach- 
ment that involved the macula or nonclear- 
ing vitreous hemorrhage that was present 


for at least 4 to 6 months. Selected for 
further study were those patients who re- 
quired additional posterior segment sur- 
gery in the same eye after the initial vitrec- 
tomy. Mean follow-up for this latter group 
from the time of initial vitrectomy until the 
most recent visit was 2.4 years, with a 
range of 7 months to 5 years. Each patient 
who had undergone repeated surgery had a 
minimum of 6 months of follow-up by one or 
another of the authors since the most recent 
vitrectomy operation. Those patients who 
underwent anterior segment surgery alone, 
such as cataract extraction, after the initial 
vitrectomy were excluded from the study 
group, as were those who had a primary 
vitrectomy performed elsewhere. 

In the group with repeated surgery, we 
analyzed the indication(s) for the original 
surgery, indications(s) for repeated sur- 
gery, initial visual acuities, eventual visual 
outcome, and serious ocular complications. 
Statistical evaluations were performed with 
the use of an ordered x analysis, with 1 df 
for trend. A P value of =.05 was considered 
to be statistically significant. 

In three patients, a blind and painful eye 
developed, necessitating enucleation. The 
globes were processed routinely for light 
microscopy. Sections that were stained 
with hematoxylin-eosin, periodie acid- 
Schiff, and Perls’ reaction for iron were 
examined histopathologically. 


RESULTS 
Clinical Findings 


During the 5-year period from 1985 
through 1989, the authors performed 
534 pars plana vitrectomies in the eyes 
of 407 patients for the sequelae of 
proliferative diabetic retinopathy. 
Within this group, there were 41 eyes 
in 37 patients that had a repeated 
vitrectomy. Eight eyes underwent a 
third vitrectomy, and in one eye, a 
fourth vitrectomy was performed. 
Thus, among the 484 eyes that under- 
went primary vitrectomy, 41 eyes 
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Table |.—Visual Acuities Before 
Vitrectomy Surgery and at Most 
Recent Follow-up Examination in 
41 Diabetic Eyes That Underwent 
Repeated Vitrectomy* 


No. (%) of Eyes 
re OO 
Most 
Before Recent 
Surgery Visit 
10 (24) 
4 (10) 
8 (20) 


Visual Acuity 
20/20-20/80 0 
20/100-20/400 6 (15) 
CF-HM 31 (75) 
LP 4 (10) 6 (14) 
NLP 0 13 (32) 

*CF indicates counting fingers; HM, hand mo- 
tions; LP, light perception; and NLP, no light per- 
ception. 








(8.5%) had at least one additional sur- 
gical procedure. 

At the time of initial surgery, 30 
(73%) of the 41 eyes that eventually 
underwent another operation received 
a vitrectomy and endolaser photocoag- 
ulation, and eight (20%) of 41 eyes 
underwent a vitrectomy without endo- 
laser therapy. Eighty-eight percent of 
eyes had undergone preoperative pan- 
retinal laser photocoagulation. Six 
eyes received a scleral buckle: three 
for iatrogenic breaks at the time of 
surgery and three in the form of an 
encircling band to negate peripheral 
vitreous traction. No eye initially un- 
derwent a lensectomy. 

During the second operation, each of 
the 41 eyes underwent a pars plana 
vitrectomy. Eleven eyes received a 
scleral buckle, nine had a concomitant 
lensectomy, and a silicone oil injection 
was administered in four. 

Ages in the group with repeated 
vitrectomy ranged from 22 to 64 years, 
with a mean age of 43 years. There 
were 33 white patients and four black 
patients. Men accounted for 19 of the 
37 patients, and there were 18 women. 

The indications for initial vitrectomy 
surgery in the 41 eyes that eventually 
required repeated vitrectomy were 
traction retinal detachment that in- 
volved the macula in 24 eyes (59%) and 
nonclearing vitreous hemorrhage in 17 
eyes (41%). Two eyes in the group 
with traction retinal detachment also 
had retinal holes, thereby making 
them traction/rhegmatogenous retinal 
detachments. Nevertheless, they were 
classified as predominantly traction 
retinal detachments due to the pres- 
ence of extensive preretinal fibrovas- 
cular tissue and lack of bullous eleva- 
tion of the retina. Table 1 shows the 
visual acuities in the 41 eyes before 
any vitrectomy surgery and the even- 
tual visual results at the most recent 
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Table 2.—Final Visual Results After 
Two or More Vitrectomy Operations 
in the Groups of Eyes Classified 
According to Whether the Indication 
for the Original Surgery Was TRD or 
Nonclearing VH* 


No. (%) of Eyes 
r 
Visual Acuity VH 
20/20-20/80 2 (8) 8 (47) 
20/200-20/400 3 (13) 1 (6) 
CF-HM 6 (25) 2 (12) 
LP 6 (25) 0 
NLP 7 (29) 6 (35) 
*TRD indicates traction retinal detachment; 
VH, vitreous hemorrhage; CF, counting fingers; 
HM, hand motions; LP, light perception; and NLP, 
no light perception. x?=2.13, P=.14. 





follow-up examination. Visual acuities 
ranged from 20/100 to light perception 
preoperatively and from 20/20 to no 
light perception at the most recent 
visit. No eye had a visual acuity better 
than 20/100 before surgery, whereas 
approximately one quarter fell into the 
20/20 to 20/80 range after two or more 
vitrectomy operations. The incidence 
of no light perception, however, pro- 
gressed from zero before surgery to 
almost one third of eyes after two or 
more operations. 

The indications for initial vitrectomy 
surgery are correlated with the even- 
tual visual outcomes after repeated 
surgery in Table 2. Eight percent of 
eyes in the group with traction retinal 
detachment eventually achieved 20/20 
to 20/80 visual acuity, as compared 
with 47% of eyes in the group with 
vitreous hemorrhage. No light percep- 
tion visual acuity was the eventual 
result in 29% of eyes with traction 
retinal detachment and 35% of eyes 
with vitreous hemorrhage. There was 
no statistically significant difference 
between these two groups (P=.14). 

The primary reason for follow-up 
surgery in the 41 eyes included postop- 
erative vitreous hemorrhage in 21 eyes 
(51%) and retinal detachment in 18 
eyes (44%). Glaucoma was the indica- 
tion for reoperation in two eyes (5%). 
Among all 41 eyes that underwent 
repeated vitrectomy, the time to the 
second operation averaged 3.4 months, 
with a range of 1 week to 24 months. 

Within the group of eyes with post- 
operative vitreous hemorrhage, the 
time until the second vitrectomy aver- 
aged 4.4 months, with a range of 1 to 
24 months. In most instances of recur- 
rent vitreous hemorrhage, the source 
of bleeding could not be identified with 
certainty at the time of repeated vi- 
trectomy. This group included four pa- 
tients who had recurrent vitreous 





Table 3.—Final Visual Results After 
Two or More Vitrectomy 
Operations in the Groups of Eyes 
Classified According to the 
Indication for Reoperation* 


No. (%) of Eyes 

a 

Retinal Vitreous 

Detach- Hemor- 
Visual Acuity ment rhage 
20/20-20/80 2(11) 8 (38) 
20/100-20/400 1 (6) 3 (14) 
CF-HM 2(11) 5 (24) 
EP 3(17) 2 (10) 
NLP 10 (55) 3 (14) 

* CF indicates counting fingers; HM, hand mo- 

tions; LP, light perception; and NLP, no light per- 

ception. x?=8.72, P=.003. 


Glau- 
coma 





1 (50) 
1 (50) 


hemorrhage as the cause for reopera- 
tion and in whom an irreparable retinal 
detachment eventually developed. 

When the indication for a second 
operation was retinal detachment, the 
detachment had become rhegmatoge- 
nous, at least in part, in all but one of 
18 eyes. The operations were per- 
formed within 1 month after the initial 
vitrectomy in seven eyes, at 1 to 3 
months in nine eyes, and between 5 
and 6 months in the remaining two 
eyes. In only four (22%) of 18 eyes was 
the retina successfully flattened for at 
least 6 months after the subsequent 
operations(s). The rhegmatogenous 
component was thought to occur sec- 
ondary to (1) iatrogenic retinal holes at 
the time of initial surgery; (2) progres- 
sive vitreous traction; (3) preretinal 
and subretinal fibrous and fibrovascu- 
lar membranes, leading to a retinal 
break; or (4) a combination of the 
above. In five eyes, there was noted to 
be a definite iatrogenic hole at the time 
of the original surgery. Other than in 
these cases it was often difficult to 
establish the exact mechanism respon- 
sible for the detachment. Vitreous 
hemorrhage accompanied the detach- 
ment, to some degree, in most of these 
eyes. One eye that developed postop- 
erative endophthalmitis was included 
in the group with retinal detachment, 
since a retinal detachment developed 
in this patient by the time of repeated 
vitrectomy and injection of intraocular 
antibiotics. 

Table 3 compares the final visual 
outcomes in the 41 eyes that under- 
went a repeated vitrectomy when cor- 
related with the major cause for a 
second operation. When the indication 
for reoperation was recurrent vitreous 
hemorrhage, eight (88%) of 21 eyes 
eventually attained 20/20 to 20/80 visu- 
al acuity, and three (14%) of 21 eyes 
progressed to no light perception. 
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Among the eyes with retinal detach- 
ment as an indication for reoperation, 
two (11%) of 18 eyes achieved 20/20 to 
20/80 visual acuity, and 10 (55%) of 
18 eyes progressed to no light percep- 
tion. The differences between the two 
groups were statistically significant 
(P=.003). 

Glaucoma was the cause repeated 
vitrectomy in two eyes: one instance of 
neovascular glaucoma with vitreous 
hemorrhage and the second for eryth- 
roclastic glaucoma that was unrespon- 
sive to pharmacologic therapy. In both 
eyes, the eventual visual result was 
poor (Table 3). 

Among the 41 eyes as a whole, the 
retina remained detached at the most 
recent visit in 18 eyes (44%). Rubeosis 
iridis developed in 17 of the 18 eyes 
with an irreparable retinal detach- 
ment. It did not develop in the eye of a 
patient with retinal detachment who 
had a silicone oil injection and did not 
want the silicone removed. Rubeosis 
iridis also developed in one additional 
pseudophakic eye without a retinal de- 
tachment following reoperation. Phthi- 
sis bulbi developed in 13 (82%) of 41 
eyes. Three eyes required enucleation 
for control of chronic pain that oc- 
curred secondary to neovascular 
glaucoma. 


Ocular Histopathologic Findings 


Light microscopic examination of 
each of the three enucleated globes 
revealed a total retinal detachment 
and atrophy of the inner retina (Fig 1). 
Extensive preretinal and subretinal 
membranes were present in each eye 
(Figs 2 through 4). In addition to the 
usual constituents of proliferative vit- 
reoretinopathy, many of the preretinal 
membranes had a neovascular compo- 
nent. It was difficult to discern if this 
vascularized preretinal tissue repre- 
sented neovascularization of the optic 
dise or retina that had been removed 
incompletely at the time of vitrectomy, 
or whether it had developed subse- 
quently. Extensive organization of the 
residual vitreous gel at the region of 
the vitreous base, consistent with an- 
terior proliferative vitreoretinopathy, 
was noted (Fig 5). Contraction of this 
fibrous tissue had produced a charac- 
teristic anterior loop detachment of the 
retina in each of the three eyes. In one 
instance, a sheet of florid neovasculari- 
zation was found to be growing on the 
inner surface of the residual vitreous 


gel. 
COMMENT 
Recent reports on series of patients 


who underwent pars plana vitrectomy 
for nonclearing vitreous hemorrhage 
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secondary to diabetic retinopathy have 
shown that approximately 50% to 60% 
of such eyes achieve 20/100 or better 
visual acuity.®™" Within the same 
group, some series” have shown that 
70% to 75% of eyes attained 20/300 
visual acuity or better. Despite these 
encouraging results, certain eyes do 
not fare well. Approximately 20% of 
eyes in the Diabetic Retinopathy Vi- 
trectomy Study’ that had some useful 
vision before vitrectomy eventually 
progressed to no light perception 
postoperatively. 

A group that appears to have partic- 
ularly high morbidity is that composed 
of eyes that require repeated posterior 
segment surgery following an initial 
vitrectomy operation for the sequelae 
of proliferative diabetic retinopathy. 
Forty-six percent of reoperated eyes 
in the present series had light percep- 
tion or no light perception visual acu- 
ity, and 44% had a retinal detachment 
at the most recent visit. The visual 
results were better when recurrent 
vitreous hemorrhage was the indica- 
tion for reoperation (52% of eyes, 
>20/400), as compared with retinal de- 
tachment (17% of eyes, =20/400). 

Other series have noted similar visu- 
al morbidity, particularly in eyes that 
are reoperated on for rhegmatogenous 
retinal detachment. Schachat and asso- 
ciates” found that a new retinal de- 
tachment developed in 16% of eyes in 
their series of consecutive vitrectomies 
for the sequelae of proliferative diabet- 
ic retinopathy during the postopera- 
tive period. Three fourths of these new 
detachments were rhegmatogenous. 
Overall, only 38% of the reoperations 
for retinal detachment resulted in reat- 
tachment. Williams and associates” 
noted that among five eyes with a 
postoperative rhegmatogenous retinal 
detachment, all had a final visual acu- 
ity worse than 5/200. In contrast to the 
present series, however, they found 
that recurrent traction retinal detach- 
ment was more frequently encoun- 
tered than postoperative rhegmatog- 
enous retinal detachment. 

We believe that a number of reasons 
account for the poor prognosis in eyes 
that undergo repeated posterior seg- 
ment surgery after initial diabetic vi- 
trectomy. It is possible that eyes with 
recurrent, nonclearing vitreous hemor- 
rhage have a greater degree of retinal 
ischemia than those that fare well after 
vitrectomy, thus predisposing them to 
poorer vision from retinal capillary 
nonperfusion and progressive fibrovas- 
cular tissue formation. Nevertheless, 
our data cannot prove this concept. In 
eyes with postoperative rhegmatoge- 
nous retinal detachment, the reasons 


for failure seem to be more apparent. 
Histopathologic specimens from the 
failed eyes with postoperative retinal 
detachment in our series demonstrated 
extensive preretinal and subretinal 
membranes, with vascularization of 
some of the preretinal membranes. 
Rinkoff and associates’ noted similar 
epiretinal membranes in eyes with pro- 
liferative vitreoretinopathy following 
failed vitrectomy for proliferative dia- 
betic retinopathy. They found that the 
membranes contained retinal pigment 
epithelial cells, glial cells, and collagen, 
similar to those found with prolifera- 
tive vitreoretinopathy and prolifera- 
tive diabetic retinopathy. In essence, 
eyes with proliferative diabetic reti- 
nopathy that result in rhegmatogenous 
retinal detachment after primary vi- 
trectomy can have a combination of the 
most undesirable membranes that oc- 
cur with traction and rhegmatogenous 
retinal detachments; these membranes 
often make retinal repair very, diffi- 
cult. We have noted that these mem- 
branes are often extremely adherent 
to the underlying retina, and that it is 
difficult to establish a surgical cleavage 
plane. The findings from our histopath- 
ologic specimens support this clinical 
observation that a demarcation be- 
tween the preretinal membranes and 
the underlying retina is often ill de- 
fined. Thinning of the retina in diabetic 
eyes, due to retinal capillary nonperfu- 
sion and ischemic atrophy of inner 
retinal tissue, also may contribute to 
the poor prognosis. It is possible that 
this atrophic retina forms a poor cho- 
rioretinal scar around retinal breaks 
after the application of laser therapy or 
cryopexy. 

The incidence of reoperation after 
diabetic vitrectomy is variable. Wil- 
liams et al” reported that 30 (48%) of 
63 patients required further surgery 
after an en bloc excision technique for 
traction retinal detachment. The Dia- 
betic Retinopathy Vitrectomy Study 
Research Group” found that approxi- 
mately 19% required one or more addi- 
tional vitreous surgical procedures, 
and Tolentino et al’ noted that 38% 
required reoperation for postvitrec- 
tomy hemorrhage. Schachat et al” 
found a 25% incidence of reoperation 
after vitrectomy for diabetic retinopa- 
thy. Novak et al" reported that 29 
(5%) of 596 consecutive eyes that un- 
derwent diabetic vitrectomy eventual- 
ly required reoperation for removal of 
additional blood. The incidence of re- 
operation for vitreous hemorrhage in 
the latter series is very similar to that 
found in our series. 

It is uncertain why our incidence of 
posterior segment reoperation is rela- 
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Fig 1.—Detached retina in a diabetic patient shows loss of photore- Fig 2.—Disorganized detached retina is thrown into folds by extensive 
ceptors and marked inner ischemic retinal atrophy consistent with subretinal fibrous tissue. Silicone oil vacuoles (arrow) are present in 
capillary nonperfusion (hematoxylin-eosin, x 40). the subretinal membrane tissue (hematoxylin-eosin, x 25). 





Fig 3.—A thick vascularized preretinal membrane (small arrows) is Fig 4.—A thick fibrovascular membrane is seen on the inner surface of 
seenon the inner surface of detached diabetic retina. The inner aspect the detached retina in a diabetic eye. No well-defined cleavage plane 
of the underlying retina is atrophic. Focal outer retinal atrophy marks is present between the fibrovascular tissue and the underlying retina 
the site of a previous laser burn (L). A delicate subretinal membrane is (hematoxylin-eosin, x 25). 

also present (large arrow) (hematoxylin-eosin, x 40). 


Fig 5.—Anterior proliferative vitreoretin- 
opathy following repeated vitrectomy in dia- 
betic eye. Vascularized and fibrotic residual 
vitreous (V) gel overlying the ciliary body and 
the vitreous base exerts tractional forces on 
the detached retina, causing an anterior loop 
detachment. The fibrous tissue also pulls the 
rubeotic iris posteriorly. A sheet of neovascu- 
larization is present on the inner surface of the 
organized vitreous gel (hematoxylin-eosin, 
x 10). 
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tively low compared with that found in 
some series.*”" A different patient 
population may account for this phe- 
nomenon. For example, Williams et al” 
reported on a series of patients who 
underwent vitrectomy primarily for 
traction retinal detachment, ie, an en- 
tity that is usually more difficult to 
deal with than vitreous hemorrhage 
alone. The majority of our eyes that 
underwent initial diabetic vitrectomy 
received intraoperative argon laser en- 
dophotocoagulation, even if previous 
panretinal photocoagulation had been 
given. This has been shown to reduce 
both the incidence of postoperative vit- 
reous hemorrhage and subsequent sur- 
gical removal of the blood in such 
eyes.” Additionally, it should be noted 
that our study lacked data on the eyes 
with diabetic vitrectomy that only un- 
derwent one operation. Some of these 
eyes fared poorly, and it was thought 
that they would not benefit from fur- 
ther surgery. From previous work on a 
somewhat similar population,’ we can 
estimate that approximately 5% to 
10% of patients who underwent vitrec- 
tomy had a failed primary operation 
and elected not to have a reoperation 
or did not have a reoperation recom- 
mended. It is possible that more heroic 
efforts to salvage the eyes in some 
cases would have yielded a higher re- 
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operation rate. The fact that the mean 
time from the initial vitrectomy until 
reoperation for vitreous hemorrhage 
was almost 4!/2 months may also ac- 
count for a lower rate, as compared 
with that in series in which reoperation 
was undertaken at an earlier date. 
Nevertheless, our data do not allow us 
to discern the most opportune time for 
repeated vitrectomy in the circum- 
stance of recurrent diabetic vitreous 
hemorrhage unassociated with retinal 
detachment. 

The 94% incidence of the develop- 
ment of rubeosis iridis in reoperated 
eyes in our series in which the retina 
was irreparably detached is very high. 
This association has been well de- 
scribed in the past. ™™®" The reasons 
for it are uncertain, but may include 
the possibilities that more ischemic 
retinas tend to be prone to severe 
retinal detachment and that separation 
of the retina from the underlying cho- 
roid renders it even more ischemic. It 
is well accepted that retinal ischemia is 
present, and probably a predisposing 
factor, in most eyes in which rubeosis 
iridis develops.” Of interest is the fact 
that the one eye in our series in which 
rubeosis iridis did not develop after the 
development of an irreparable retinal 
detachment was one in which silicone 
oil remained in the vitreous cavity. 
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McCuen and Rinkoff* noted stabiliza- 
tion or regression of anterior segment 
neovascularization in 83% of diabetic 
eyes that underwent repeated vitrec- 
tomy and silicone oil injection for me- 
dia opacity or retinal detachment in 
association with advanced iris neovas- 
cularization and/or anterior hyaloidal 
fibrovascular proliferation. This was 
even observed in six of eight of their 
eyes in which the posterior retina 
could not be flattened, suggesting that 
the presence of the oil was responsible 
for vascular inhibition. 

In summary, the development of a 
postoperative, rhegmatogenous retinal 
detachment in an eye following pars 
plana vitrectomy for the sequelae of 
proliferative diabetic retinopathy is as- 
sociated with particularly high visual 
morbidity. Possible factors that con- 
tribute to this phenomenon include the 
formation of subretinal membranes 
and preretinal fibrous and fibrovascu- 
lar membranes, as well as the presence 
of an ischemic atrophic retina. 
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Echographic Evaluation of Retinal Tears in Patients With 
Spontaneous Vitreous Hemorrhage 


Cathy DiBernardo, RN; Barbara Blodi, MD; Sandra Frazier Byrne 


è We studied the ability of standard- 
ized echography to correctly diagnose a 
retinal tear in patients with opaque ocu- 
lar media due to vitreous hemorrhage. 
Records were studied of 42 patients with 
spontaneous vitreous hemorrhage and 
no ophthalmoscopic view of fundus de- 
tails. Of these 42 patients, 11 had an 
echographic diagnosis of probable reti- 
nal tear and no retinal detachment. In 10 
(91%) of 11 cases, the presence and 
location of the tears that were diagnosed 
echographically were confirmed on clini- 
cal follow-up. In one patient, an area of 
peripheral neovascularization was mis- 
taken for a tear. Echography failed to 
identify one retinal tear that was later 
detected on clinical examination. There- 
fore, we have found standardized echog- 
raphy to be a reliable tool in identifying 
retinal breaks. 

(Arch Ophthalmol. 1992;110:511-514) 


past reports have shown that echog- 

raphy is an established diagnostic 
tool in evaluating patients with vitre- 
ous hemorrhage” and is used routinely 
to diagnose posterior vitreous detach- 
ment, retinal detachment,** and giant 
retinal tears.” We report a series of 
patients with the echographic diagno- 
sis of small retinal tears without reti- 
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nal detachment. With the improved 
resolution of the newer B-scan instru- 
ments and the techniques of standard- 
ized echography (contact B-scan and 
standardized A-scan), retinal tears can 
be easily identified. 

To determine the accuracy of stan- 
dardized echography in locating retinal 
breaks, we retrospectively reviewed 
the medical charts of patients with 
spontaneous vitreous hemorrhage and 
no view of fundus details. We report 
herein the echographic techniques 
used for identifying retinal breaks and 


discuss the treatment of these 
patients. 
SUBJECTS AND METHODS 


We reviewed the echography and medical 
records at the Bascom Palmer Eye Insti- 
tute, University of Miami (Fla), from 1988 
to 1991 of patients who had been referred to 
the Department of Echography with a his- 
tory of spontaneous vitreous hemorrhage 
and no view of fundus details (visual acuity 
of <8/200). All patients with known diabetic 
retinopathy and trauma were excluded be- 
cause of the likelihood that retinal anatomy 
would be disrupted. Forty-four patients 
met these criteria. Two patients were ex- 
cluded owing to lack of clinical follow-up. 
All 42 patients included in the series had 
experienced a sudden decrease of vision in 
one eye and had sought medical attention 
within 1 week from the onset of visual loss. 
All patients had careful clinical follow-up 
until the vitreous hemorrhage cleared to 
establish a diagnosis. 

The echography records were evaluated 
to determine the density of the vitreous 
hemorrhage as well as the presence of a 
posterior vitreous detachment, vitreoret- 
inal adhesions, retinal tear, or retinal de- 
tachment. Clinical information was ob- 
tained from the medical records to 
determine the visual acuity at the onset of 
hemorrhage, the clinical impression before 
the ultrasound examination, and the final 


clinical diagnosis and outcome. In three 
cases, this information was obtained from 
referring physicians by telephone. 

The echographic procedure for evaluating 
patients with vitreous hemorrhage begins 
with instilling topical anesthetic drops into 
the eye. Methylcellulose is then applied to 
the face of the B-scan probe to facilitate 
sound penetration into the eye. Examina- 
tions are performed on the open eye to 
maximize sound penetration and to promote 
adequate patient fixation. Contact B-scan is 
used to detect vitreoretinal disease. The 
vitreous cavity is evaluated for the density 
and mobility of the hemorrhage, as well as 
the presence of a posterior vitreous detach- 
ment. Vitreoretinal adhesions and retinal 
elevations are noted by carefully screening 
the globe in all four quadrants. Echographi- 
cally, a retinal tear is represented by a focal 
elevation of the retina, usually with an 
adherent vitreous membrane or strand.° If 
a suspected tear is found, transverse (cross- 
section) and longitudinal (radial section) 
probe orientations are used to determine its 
location.”* The standardized A-scan is then 
used at the Tissue Sensitivity gain setting 
to assess the reflectivity of the suspected 
tear. The gain is then reduced slightly to 
evaluate the mobility of the elevated retina 
and to assess its height. Photographie docu- 
mentation of the echographic findings is 
performed. 


REPORT OF A CASE 


A 67-year-old man with no known ocular 
history presented to his ophthalmologist 
complaining of decreased vision in the left 
eye for 4 days. Visual acuity was 20/20 OD, 
with a normal fundus examination. Visual 
acuity in the left eye was light perception 
with projection. Clinical examination of the 
left eye revealed dense vitreous hemor- 
rhage with no view of fundus details. The 
patient was referred that day to the De- 
partment of Echography at the Bascom 
Palmer Eye Institute to rule out retinal 
detachment. 

The echographic examination of the left 
eye showed mild vitreous opacities and a 
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Fig 1.—Initial examination. Top, Transverse B-scan at reduced gain 
setting shows vitreous hemorrhage (V) and small tear (arrow). Center, 
Longitudinal B-scan at higher gain setting better shows vitreous hem- 
orrhage. Arrow indicates tear. Bottom, Standardized A-scan at Tissue 
Sensitivity gain setting shows vitreous hemorrhage (V) and highly 
reflective spike from tear (arrow). 





Fig 2.—Follow-up examination. Top, Transverse B-scan shows vitre- 
ous hemorrhage (V) and bullous retinal detachment (closed arrows). 
Open arrow indicates subretinal hemorrhage. Center, Longitudinal B- 
scan shows vitreous hemorrhage (V) and retinal detachment inserting 
into the optic nerve (ON). Open arrow indicates subretinal hemor- 
rhage; closed arrow, bullous retinal detachment. Bottom, Standard- 
ized A-scan at Tissue Sensitivity gain setting shows vitreous hemor- 


Causes of Spontaneous Vitreous 
Hemorrhage in 42 cases 


New retinal tear 


Retinal vein occlusion 
Unknown causes 

Avulsed retinal vessel 
Posterior vitreous detachment 
Retinal neovascularization * 
Disciform degeneration 


* Included in these cases were sickle-cell retin- 
opathy and multiple recurrent branch retinal artery 
occlusion. 
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rhage (V), retinal 


detachment (closed arrow), and subretinal 


hemorrhage (open arrow). 


posterior vitreous detachment with moder- 
ately dense subvitreal opacities. The poste- 
rior vitreous detachment inserted into a 
retinal tear in the superotemporal periph- 
ery at the 1:30-0’clock position (Fig 1). Five 
weeks later, a second ultrasound examina- 
tion revealed a more dense vitreous hemor- 
rhage and an extensive, bullous, hemor- 
rhagic retinal detachment (Fig 2). The 
patient subsequently underwent a pars pla- 
na vitrectomy and scleral buckling proce- 
dure with air-fluid exchange and intraocular 


gas injection. Postoperatively, the retina 
was attached and visual acuity improved to 
finger counting. 


RESULTS 


Echography confirmed the presence 
of previously diagnosed retinal tears in 
six (14%) of 42 patients and diagnosed 
a new retinal tear in 11 (26%) of 42 
patients. None of the patients had 
multiple tears or retinal detachments 
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photocoagulation. 


Fig 3.—Fundus photograph shows horseshoe tear with surrounding 








Fig 5.—Fundus photograph of the successfully treated tear after the 


hemorrhage had cleared (courtesy of George Blankenship, MD). 


Fig 4.—Left, Patient in a supine position with the ultrasound instrument positioned close to the 
examined eye. The B-scan probe is placed opposite the meridian of the tear, and the cryoprobe 
is depressing sclera over the tear. Right, Transverse B-scan shows indentation of globe wall by 
the cryoprobe (arrow) and shadowing (S) of orbital tissue. 





by ultrasound. Among the 11 patients 
with new retinal tears (five men and 
six women) the mean age was 62.6 
years (range, 55 to 69 years). In 10 
(91%) of 11 of these new cases, the 
presence and location of the tear was 
confirmed on clinical follow-up exami- 
nation once the vitreous hemorrhage 
had cleared. In one case, a tear was 
misdiagnosed in an area of retinal neo- 
vascularization that was located ante- 
rior to a scleral buckle. The frond of 
neovascularization was focal and high- 
ly reflective, much like the echogra- 
phic appearance of a true retinal tear. 
Clinical follow-up revealed no patients 
with multiple tears or retinal detach- 
ment. In the remaining 31 patients, 
one retinal tear was not identified by 
ultrasound, most likely owing to inade- 
quate screening of the far peripheral 
fundus. 

Of the 10 clinically confirmed new 
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retinal tears, eight were located in the 
superior fundus. This is consistent 
with several clinical studies that have 
shown symptomatic retinal breaks to 
occur most commonly in the supero- 
temporal periphery.’ Partial or com- 
plete posterior vitreous detachment 
was identified overlying the retinal 
tear in all cases diagnosed echographi- 
cally. Subretinal fluid was not detected 
in any of these cases. 

The cause of spontaneous vitreous 
hemorrhage in our series is varied and 
includes new retinal tears, central and 
branch retinal vein occlusions, avulsed 
retinal vessels, and posterior vitreous 
detachments. Other less frequent 
causes include disciform detachment 
and retinal neovascularization (Table). 


COMMENT 


In our series, the treatment of pa- 
tients with the echographic diagnosis 





of a new retinal tear was determined 
by the referring physician. One patient 
with an inferior retinal tear and vitre- 
ous hemorrhage received no treatment 
during an 18-month period. No retinal 
detachment developed. Five patients 
in our series had retinal tears treated 
by photocoagulation or cryotherapy 
(Fig 3). Two of these five patients 
were admitted for bilateral patching 
and bed rest, allowing for successful 
photocoagulation of the tear the next 
day. The other three patients received 
treatment within 10 days of the onset 
of the vitreous hemorrhage. Follow-up 
ultrasound examinations were per- 
formed in six of the 11 patients to 
detect retinal detachment. Five pa- 
tients did progress to retinal detach- 
ment and underwent pars plana vitrec- 
tomy (two cases were combined with 
scleral buckling procedures). 

A previous echographic series of 77 


Echography—DiBernardoetal 513 


patients with spontaneous vitreous 
hemorrhage (excluding trauma and di- 
abetes) included a higher incidence of 
disciform detachment and other diag- 
noses such as retinal detachment, reti- 
nal vasculitis, and leukemia.’ None of 
our patients presented with a retinal 
detachment. 

Echography provides clinically use- 
ful information in treating patients 
with spontaneous vitreous hemor- 
rhage. Patients with probable retinal 
tears and vitreous hemorrhage should 
be followed up closely to allow for 
prompt photocoagulation or cryothera- 
py as soon as the hemorrhage resolves. 
If the view remains obscured, serial 
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ultrasound examinations should be 
performed to monitor for retinal de- 
tachment. Once a detachment has been 
detected by ultrasound, a vitrectomy 
is usually indicated. 

Although not performed in this se- 
ries, we have used echography to 
guide cryotherapy of a retinal tear 
before the vitreous hemorrhage 
cleared. After localizing the tear with 
B-scan, the cryoprobe was used to 
depress the sclera over the tear. B- 
scan displayed an obvious indentation 
of the globe wall with shadowing of the 
orbital soft tissues (Fig 4). Accurate 
treatment of the retinal break was 
confirmed on clinical follow-up after 
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CORRECTION 


the hemorrhage had cleared (Fig 5). 

Our series demonstrates the accura- 
cy of echography in diagnosing and 
localizing small retinal tears. The accu- 
racy of echography in identifying small 
retinal tears is high, with a sensitivity 
of 91% and specificity of 97% at our 
institution. Retinal tears have charac- 
teristic echographic features that are 
easily identifiable using the examina- 
tion techniques discussed herein. 
These findings highlight the impor- 
tance of performing a thorough echo- 
graphic evaluation, including the pe- 
ripheral fundus in all patients with 
opaque media. 
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Text Dropped.—In the article titled “Perforating (Through-and-Through) Injuries of the 
Globe” published in the July ARCHIVES (1991;109:951-956), text was dropped in lines 15 
through 18 of the abstract. The sentence beginning on line 15 should have read as follows: 


“Right (62%) of 13 eyes that sustained knife or nail injuries achieved a final visual acuity of 
20/50 or better while only six (16%) of 38 eyes with missile injuries achieved a similar level of 
acuity.” 
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North Carolina Macular Dystrophy and Central Areolar 
Pigment Epithelial Dystrophy 


One Family, One Disease 


Kent W. Small, MD; Vernon Hermsen, MD; Nelson Gurney, MD; Carl L. Fetkenhour, MD; James C. Folk, MD 


è The autosomal-dominant macular 
dystrophies known as North Carolina 
macular dystrophy and central areolar 
pigment epithelial dystrophy were origi- 
nally described as distinct disease enti- 
ties in three separate families. However, 
these disorders have several phenotypic 
features in common. The single large 
family with North Carolina macular dys- 
trophy, which descended from three Irish 
brothers in 1790, has undergone exten- 
sive genealogic studies expanding the 
kindred to more than 2000 family mem- 
bers. As a result, two previously de- 
scribed families with central areolar pig- 
ment epithelial dystrophy have been 
found to descend from these same three 
Irish brothers with North Carolina macu- 
lar dystrophy and, therefore, also have 
North Carolina macular dystrophy. This 
helps simplify the nosology of the dis- 
ease and expands the phenotype of 
North Carolina macular dystrophy to 
include choroidal neovascular mem- 
branes. 

(Arch Ophthalmol. 1992;110:515-518) 
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he autosomal-dominant macular 
dystrophies known as “hereditary 
macular degeneration and aminoacid- 
uria” (later called Lefler-Wadsworth- 
Sidbury syndrome),’ “dominant pro- 
gressive foveal dystrophy,” “North 
Carolina macular dystrophy” 
(NCMD),’ central areolar pigment epi- 
thelial dystrophy (CAPED),** “central 
pigment epithelial and choroidal de- 
generation,” and central retinal pig- 
ment epithelial dystrophy’ are a frag- 
mented and confusing group of 
diseases. This is due, in part, to the 
wide spectrum of phenotypic expres- 
sion and the small number of affected 
individuals in some small pedigrees. 
Despite previously perceived differ- 
ences, these diseases have the follow- 
ing features in common: inheritance is 
autosomal dominant; penetrance is 
complete; disease onset is in infancy, 
the disease course is generally stable; 
the phenotype is highly variable; visual 
acuity ranges from 20/20 to 20/200, 
with a median of 20/50; the central 
macula contains drusen, disciform le- 
sions, or colobomas/staphylomas; occa- 
sional choroidal neovascularization is 
present; peripheral retina contains 
variably present “drusen”; electroreti- 
nogram and electro-oculogram results 
are normal; and color vision is normal. 
We describe herein the final unifying 
feature common to these diseases: they 
all descended from the same three 
Irish brothers who lived in Spartan- 
burg, SC, in 1790 and who founded 
North Carolina macular dystrophy. 


METHODS 


The original family with the Lefler-Wads- 
worth-Sidbury syndrome (later called 
NCMD by Gass’) was reascertained and 
extensive family histories were obtained. 
Additional family history information was 
gathered from CAPED-F° and CAPED-H‘ 
(CAPED-F denotes the family with 
CAPED described by Fetkenhour and co- 
workers’; CAPED-H denotes the family 
with CAPED described by Hermsen and 
Judisch’), Medical records, including fundus 
photographs, of these families were re- 
viewed. These data were closely compared 
with the records of the 75 affected family 
members with NCMD. 


RESULTS 


We confirmed that all known affect- 
ed individuals with NCMD descended 
from three Irish brothers who settled 
in the North Carolina mountains in the 
1830s. Additional genealogic informa- 
tion was gained by examining court 
and census records. This resulted in a 
pedigree of the family with NCMD 
consisting of more than 2000 individ- 
uals who descended from these three 
Irish brothers. We also found that 
these three men lived in Spartanburg, 
SC, in 1790 (the year of the first US 
census). They moved to North Caroli- 
na between 1820 and 1830 where most 
of their present descendants now re- 
side. After the Civil War, several fam- 
ily members “moved West” according 
to court records. One of the founding 
brothers’ granddaughters (pedigree 
No. 1094) married a man from Tennes- 
see and moved across the mountains 
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Fig 1.—US map; solid states have known affected individuals with North Carolina macular 
dystrophy (NCMD); shaded states have known descendants of founders of NCMD, but their 
disease status is unknown. 
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Fig 2.— Abbreviated pedigree showing relationship of North Carolina macular dystrophy pro- 
band (No. 1) to the family with central areolar pigment epithelial dystrophy-F (Nos. 8000, 8001, 
9406, and 440) and the family with central areolar pigment epithelial dystrophy-H(Nos. 7043, 
7042, 8205, 8207, 8210, and 9402) and the remaining branch of the family living in Tennessee 
(Nos. 7033, 7035, 8194, 8197, 8195, 9396, 9400, 437, and 440). 
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with him to eastern Tennessee. In the 
late 1800s and early 1900s, part of this 
Tennessee branch moved to Illinois 
and part to Iowa (Fig 1). 

The families designated as CAPED- 
F (now residing in Illinois) and 
CAPED-H (now residing in Iowa) 
were clearly direct descendants of one 
of the original Irish brothers with 
NCMD. The abbreviated pedigree 
demonstrating the relationship of 
CAPED-F (pedigree Nos. 440, 9406, 
8000, and 8001) and CAPED-H (pedi- 
gree Nos. 9402, 8207, 8210, 8205, 7043, 
and 7042) and the original NCMD pro- 
band (pedigree No. 1) are shown in Fig 
2. In reviewing the medical records of 
these families and comparing them 
with the family with NCMD, we found 
remarkable phenotypic similarities. 


COMMENT 


North Carolina macular dystrophy 
has been given several different names 
since it was first described more than 
20 years ago. Although first called 
hereditary macular degeneration and 
aminoaciduria, it became known as the 
Lefler-Wadsworth-Sidbury syndrome 
after the authors.’ Shortly thereafter, 
Frank et al’ renamed it dominant pro- 
gressive foveal dystrophy and deter- 
mined that the aminoaciduria segre- 
gated separately from the mac- 
ulopathy. Later, Gass’ examined a few 
affected patients from North Carolina 
and named it NCMD after its founder 
effect. Subsequently, other dominant 
maculopathies that are now part of 
NCMD have been called CAPED and 
central areolar pigment epithelial and 


choroidal degeneration.’ Therefore, 


Fig 3.—Left, Right eye of 2 '/2-year-old girl in 
the family with central areolar pigment epithe- 
lial dystrophy-H (pedigree No. 7043) with vi- 
sual acuity of 20/40, confluent “drusen” in 
macula, and grade 2 North Carolina macular 
dystrophy. Right, Right fundus of girl at age 9 
years, with visual acuity of 20/40. Note the 
increase in hemiannular white fibrotic materi- 
al and increased pigmentation. 


Fig 4.—Left, Left eye of 2 '/2-year-old girl in 
the family with central areolar pigment epithe- 
lial dystrophy-H (pedigree No. 7043) (Fig 3), 
with visual acuity of 20/60, fundus with conflu- 
ent “drusen” in macula, and grade 2 North 
Carolina macular dystrophy. Right, Left fun- 
dus of girl at age 8 years, with visual acuity of 
20/50 and similar changes as in the right eye. 


Fig 5.—Left eye of 9-year-old girl in the family 
with central areolar pigment epithelial dystro- 
phy-H (pedigree No. 7042), with macular co- 
loboma and positive angle Kappa. Note the 
marked increase in annular white fibrotic ma- 
terial and increased pigmentation circum- 
scribing the rim of coloboma since the first 
fundus photograph was taken at age 4 years.” 
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one disease that is present in a single 
family has been given at least five 
names in the past 20 years. 

The confusing nosology of these 
macular dystrophies was due primarily 
to relatively small sample sizes of most 
of the families described, compounded 
by the highly variable expressivity. A 
few years after the initial report by 
Lefler, Wadsworth, and Sidbury, Fet- 
kenhour and associates’ reported a 
small pedigree (CAPED-F) of four af- 
fected individuals with generally good 
visual acuity whose maculae appeared 
identical to those of patients with 
NCMD. Similar to those of NCMD, the 
results of electrophysiologic and color 
vision tests in these individuals were 
also normal. The main feature used to 
distinguish CAPED-F from NCMD 
was that CAPED-F was not progres- 
sive. We now know that NCMD is 
generally a stable disease and, thus, 
the phenotypes and clinical course of 
NCMD and CAPED-F are identical.** 

Another possibly distinguishing fea- 
ture of CAPED-F was that the pro- 
band (pedigree No. 8001, Fig 1), a 18- 
year-old boy, presented with sudden 
decreased visual acuity of 20/200 OD 
due to subfoveal blood.” Subretinal 
hemorrhage had not been previously 
documented in NCMD. This hemor- 
rhage spontaneously resolved, with 
subsequent return of visual acuity to 
20/25 OD with a resulting small disci- 
form scar. Because we have shown 
that CAPED-F and NCMD are indeed 
the same disease, this finding of subfo- 


1. Lefler WH, Wadsworth JAC, Sidbury JB. 
Hereditary macular degeneration and aminoacid- 
uria. Am J Ophthalmol. 1971;71:224-230. 

2. Frank HR, Landers MB III, Williams RJ, 
Sidbury JB. A new dominant progressive foveal 
dystrophy. Am J Ophthalmol. 1974;78:903-916. 

3. Gass JDM. Stereoscopic Atlas of Macular 
Diseases. 3rd ed. St Louis, Mo: Mosby-Year Book; 
1987:98-99. 

4. Hermsen VM, Judisch GF. Central areolar 


518 Arch Ophthalmol—Vol 110, April 1992 


veal blood has led ps to accept this as 
part of the wide phenotypic variability 
of NCMD. 

Additional information on the pheno- 
type of NCMD was also provided by 
reviewing the records and fundus pho- 
tographs of CAPED-H, which now 
span 9 years.’ While the visual acuity 
of those individuals followed up has not 
changed, two of these young patients 
(pedigree Nos. 7043 and 7042) have 
had a striking increase in subretinal 
fibrotic-appearing material ringing the 
edge of the maculopathy (Figs 3 
through 5). These two patients were 
also noted to appear slightly exotropic 
and fixate using retina just nasal to the 
maculopathy. One patient (pedigree 
No. 7042) with 20/200 visual acuity OU 
also had slight nystagmus first noted 
at age 1 year. Although no mention of 
the peripheral retina was made in the 
original report of CAPED-H, one of 
these patients (pedigree No. 8205) was 
noted to have a peripheral retinal ab- 
normality recorded in her medical re- 
cord as “? snowflake degeneration.” 

With the expansion of NCMD to now 
include CAPED-H and CAPED-F, we 
must further broaden our concept of 
the very diverse phenotype of this 
disease. Subretinal hemorrhage can 
occasionally occur in NCMD and is 
presumed to be caused by choroidal 
neovascular membranes. Apparently, 
these membranes can spontaneously 
involute, with recovery of visual acuity 
and may not require laser photocoagu- 
lation. Patients who have noted inter- 
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Nontuberculous Mycobacterial Keratitis 


Report of Two Cases and Review of the Literature 
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e We report two cases of nontubercu- 
lous mycobacterial keratitis. To our 
knowledge, case 1 is the first document- 
ed case of Mycobacterium chelonei 
sclerokeratitis and case 2 is the first 
report of Mycobacterium flavescens kera- 
titis. A total of 40 cases of nontubercu- 
lous mycobacterial keratitis involving at 
least five different species have been 
reported previously in the literature. Al- 
most all of these opportunistic infections 
have occurred following either acciden- 
tal or surgical ocular trauma, usually 
associated with the use of local cortico- 
steroids. Encountered infrequently, 
these organisms can be incorrectly iden- 
tified as other bacteria, including diph- 
theroids and Nocardia species. Histo- 
pathologic examination and special 
stains of infected tissues may be helpful 
in establishing the correct diagnosis. 
Cultures and sensitivity testing are man- 
datory in determining appropriate 
treatment. 

(Arch Ophthalmol. 1992;110:519-524) 


N ontuberculous mycobacterial ocu- 

lar infections have been recog- 
nized with increasing frequency since 
the initial report in 1965 by Turner and 
Stinson’ of a case of chronic keratitis 
caused by Mycobacterium fortuitum. 
A case of chronic corneal ulcer caused 
by Mycobacterium chelonei* was first 
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reported in 1978. Since these two re- 
ports, 20 additional cases of M fortwi- 
tum keratitis*" and 14 more cases of M 
chelonei keratitis*” have been record- 
ed in the literature (Table). 

Runyon” proposed a classification of 
atypical mycobacteria into four groups: 
group 1 is composed of the photochro- 
mogens that produce a yellow pigment 
when exposed to light; group 2 in- 
cludes the scotochromogens that de- 
velop a yellow pigment when growing 
in the dark; group 3 consists of the 
nonchromogens; and group 4 com- 
prises the rapid growers that form 
colonies in culture at room tempera- 
ture within 3 to 5 days instead of the 2 
to 3 weeks required by the other 
mycobacteria. 

Both M fortuitum and M chelonei 
belong to Runyon’s group 4, the rapid 
growers. Group 4 was the only Runyon 
group with any known ocular patho- 
gens for many years. However, since 
1986, three cases of nontuberculous 
keratitis have been reported involving 
one species from each of the three 
slow-growing groups. In 1986, the first 
and only case of keratitis caused by 
Mycobacterium gordonae, a group 2 
species, was reported following a cor- 
neal foreign body injury.” In 1987, a 
posttraumatic case of corneal ulcer- 
ation secondary to Mycobacterium 
avium-intracellulare, a group 3 myco- 
bacterium, was published.” Finally, in 
1989, Mycobacterium marinum, a 
group 1 species, was isolated as the 
cause of keratitis following a welding 
injury.” 

The purpose of this article is to 
report two additional cases of nontu- 


berculous mycobacterial ocular infec- 
tions. To our knowledge, case 1 is the 
first recorded case of M chelonei caus- 
ing a sclerokeratitis, and case 2 is the 
first report of a keratitis caused by 
Mycobacterium flavescens, another 
group 2 atypical mycobacterium. 


REPORT OF CASES 


CASE 1.—In August 1986, a 79-year-old 
man underwent a planned intracapsular cat- 
aract extraction with a sector iridectomy in 
his right eye. Four months postoperatively, 
he complained of aching pain and decreased 
vision in this eye. At this time visual acuity 
was 20/200 OD. Prominent ciliary hyper- 
emia was noted, but the cornea was clear. A 
dense anterior chamber cellular reaction 
and flare as well as a small hypopyon were 
present. The lens had been surgically re- 
moved. Flare and cells (2+) were present 
in the vitreous cavity. The intraocular pres- 
sure was normal. Because of suspected 
endophthalmitis, aspirates from the anteri- 
or chamber and vitreous were obtained for 
cultures. Smears and Gram’ stains re- 
vealed no organisms. Gentamicin sulfate 
(0.1 mg) and cefazolin sodium (2.25 mg) 
were injected into the vitreous cavity. To- 
bramycin sulfate and bacitracin zine were 
topically applied every hour, alternately. 
After 4 days, Staphylococcus epidermidis 
was isolated, in liquid media only, from the 
vitreous and anterior chamber aspirates. 

The intraocular inflammatory process im- 
proved, but an intrascleral infiltrate devel- 
oped slowly over a 2-month period at the 
nasal aspect of the original cataract wound. 
This gradually progressed to a nodular nec- 
rotizing scleritis (Fig 1). In February 1987, 
the patient underwent a débridement la- 
mellar sclerectomy for cultures and histo- 
pathologic examination. Neither cultures 
nor histopathologic studies were helpful in 
identifying a causal agent. Only chronic 
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Clinical Summary, Management, and Outcome of 42 Reported Cases of Nontuberculous Mycobacterial Keratitis* 


Duration of 
Symptoms Prior 
to Diagnosis 


Treatment and Outcome 
(Antibiotics Topical 
Unless Specified) 


Age, y/ 
Source, y Sex 


Causative 


History Organism 





Turner and Stinson,' 
1965 


17/M 


Metallic FB 


>4.5 mo 


Mycobacterium 
fortuitum 


Streptomycin, kanamycin, neomycin, 
polymyxin, gramicidin: healed 





Levenson and 
Harrison,’ 
1966 
Zimmerman et al,‘ 
1969 


23/M 


Metallic FB 


6 mo 


M fortuitum 





Healed following lamellar keratoplasty 





72/M 


20 y of 
corneal problems 


M fortuitum 


Neomycin, polymyxin, bacitracin, 
tetracycline: enucleation 





Wunsh et al,5 
1969 


30/M 


Suture removal 
after PKP 


M fortuitum 





Kanamycin (T and S), sulfacetamide, 
neomycin, polymyxin, gramicidin, 
corticosteroid: required repeated PKP 





Turner,® 1970 


43/M 


“Trash" FB 


M fortuitum 


Neomycin, polymyxin, bacitracin: 
healed 





Sexton,’ 1970 


25/M 


Brick or tile FB 


M fortuitum 


Para-aminosalicylic acid (S), isoniazid 
(S), streptomycin: healed 





55/M 


Metallic FB 


M fortuitum 





4 casest 


3 


M fortuitum 





Willis and Laibson,® 
1971 


55/M 


Flash burn while 
welding 


M fortuitum 


Para-aminosalicylic acid (S), isoniazid 
(S), streptomycin: healed 
? 


Kanamycin, corticosteroid: healed 














Lazar et al,° 1974 


60/M 


Nonmetallic FB 





42/M 


53/M 
20/M 


FB, not specified 


M fortuitum 


Streptomycin (T and S), kanamycin: 
healed 





M fortuitum 


Streptomycin (T and S), kanamycin: 
healed 





FB, not specified 





M fortuitum 


Rifampin (T and S): healed slowly 





FB, not specified 





Dugel et al, 1988 


Hu," 1990 


Gangadharam et 
al,? 1978 


35/F 


Hard contact lens 





44/F 


80/M 
26/M 


EWSCL after PKP 





M fortuitum 


Rifampin (T and S): healed slowly 





M fortuitum 


Amikacin, doxycycline: required PKP 





M fortuitum 





SCL after PKP 


M fortuitum 


Amikacin, doxycycline: required second 
and third PKP 


Amikacin (T and SC): healed 








Metallic FB 


M fortuitum 


Healed after several débridement procedures 





30/F 


39/F 


Suture removal 
after PKP 


M fortuitum 





Amikacin, carbenicillin: healed after lamellar 
keratectomy 





Hard contact lens 





Mycobacterium 
chelonei 








Wallace et al,'? 
1981 

Dalovisio et al,'? 
1981 

Meisler et al," 
1982 


38/M 


65/M 


Metallic FB 


M chelonei 


Gentamicin, kanamycin, erythromycin: 
required PKP 


Gentamicin, sulfacetamide: healed 











FB abrasion 


M chelonei 


Amikacin: healed 





35/M 


Metallic FB 


M chelonei 


Amikacin: required PKP 





Dansby et al,'® 
1983 


60/M 


After PKP and 
cataract surgery 


M chelonei 


Amikacin: healed 





Mirate et al,'® 
1983 


84/F 


FB, unknown type 


M chelonei 


Amikacin, kanamycin, doxycycline: required 
PKP 





Newman et al,” 
1984 


67/M 


Suture removal 
after PKP 


Unknown 


M chelonei 


Amikacin, erythromycin: healed 





76/F 


Surgical posterior 
capsulotomy 


2 wk 


M chelonei 


Unknown: required PKP 





80/F 


Surgical posterior 
capsulotomy 


2-3 wk 


M chelonei 


Trimethoprim: required PKP 





Robin et al,'° 
1986 


36/F 


After RK 


3 mo 


M chelonei 


Amikacin: required PKP 





33/F 


After RK 


Unknown 


M chelonei 


Amikacini: healed 





Matoba,'® 1987 


60/M 


After PKP 


4 wk 


M chelonei 


inflammation with areas of necrosis was 
found on the initial histopathologic exami- 
nation performed elsewhere, and cultures 
were negative. An intracorneal necrotizing 
infiltration progressed over another 2- 
month period. In April 1987, a 6.5-mm 
eccentric penetrating corneal graft was per- 
formed for diagnostic and therapeutic 
purposes. 

Histopathologic examination showed ab- 
sence of the corneal epithelium, basal lami- 
na, and Bowman’ layer. Stromal thinning 
and necrosis with a diffuse neutrophilic and 


- 520 Arch Ophthalmol—Vol 110, April 1992 


mononuclear cell infiltrate were present 
(Fig 2). The posterior descemetic surface 
was lined by a fibropurulent membrane 
containing uveal pigment. Gram’s and acid- 
fast stains revealed the presence of numer- 
ous clusters of acid-fast bacilli within the 
inflammatory exudate and necrotic stroma 
(Figs 3 and 4). Cultures revealed M che- 
lonei. On careful review of the original 
specimen from the lamellar sclerectomy, 
acid-fast bacilli were identified. The organ- 
ism was reported to be resistant to isonia- 
zid, streptomycin sulfate, ethambutol hy- 


Amikacin, others: required PKP 





drochloride, rifampin, doxycycline hyclate, 
cefoxitin sodium, and sulfamethoxazole and 
trimethoprim. However, it was sensitive to 
amikacin sulfate and kanamycin sulfate. 
Despite the combination of topical and 
subtenon injections of amikacin, the intra- 
corneal and intrascleral infiltration slowly 
progressed. An intracorneal abscess devel- 
oped at the graft-host interface (Fig 5). In 
May 1987, an eccentric 11-mm penetrating 
keratoplasty was performed. Histopatho- 
logic examination showed a large area of 
dense inflammatory infiltrate at the graft- 
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: Clinical Summary, Management, and Outcome of 42 Reported Cases of Nontuberculous Mycobacterial Keratitis* (cont) 





















































Duration of Treatment and Outcome 
Age, y/ Symptoms Prior Causative (Antibiotics Topical 
Source, y Sex History to Diagnosis Organism Unless Specified) 
Laflamme et 30/F After PKP Unknown M chelonei Gentamicin, streptomycin (SC), erythromycin 
al,” 1987 (T and S), tetracycline, rifampin 
(S): healed 
Aylward et al,?' 65/F After PKP >5.5 mo M chelonei Amikacin, gentamicin, erythromycin, 
1987 corticosteroid: healed after PKP 
Kent et al,?* Unknown Therapeutic Unknown M chelonei Aminoglycosides: required PKP 
1990 SCL 
Present study 79/M After cataract 8 mo M chelonei Amikacin: required several PKPs 
surgery 
Lauring et al,”® 22/M Metallic FB 8 wk Rapid grower Isoniazid (S), erythromycin (S), streptomycin 
1969 (group 4) (S), corticosteroid: healed following 
conjunctival flap 
Moore et al,” 34/M FB, unknown type 3.5 y Mycobacterium Amikacin, corticosteroid: healed after 
1986 gordonae lamellar keratectomy 
Knapp et al,”° 28/M Glass FB 4mo Mycobacterium Amikacin, rifampin: required PKP 
1987 avium-intracellulare 
Schonherr et al,  43/M Corneal injury 8 mo Mycobacterium Rifampin (S), minocycline (S), ethambutol 
1989 (welding material) marinum (S): healed after tectonic PKP, corneal 
biopsy, and conjunctival flap 
Present study 45/F Wooden FB ly Mycobacterium Amikacin: healed 


flavescens 


*The cases have been grouped according to the causative organism as follows: (1) Mycobacterium fortuitum, (2) Mycobacterium chelonei, and (3) miscellaneous. 

tNo clinical details were provided in these four cases. Abbreviations are as follows: FB, foreign body; EWSCL, extended-wear soft contact lens; SCL, soft 
contact lens; PKP, penetrating keratoplasty; RK, radia! keratotomy; T, topical; S, systemic; and SC, subconjunctival. 

tidentified as a group 4 species, but not further classified. 





Fig 1.—Case 1. Clinical appearance of the right eye (prior to the Fig 2.—Case 1. The original keratectomy specimen shows an acute 


lamellar sclerectomy) depicting a nodular scleritis located at the nasal necrotizing keratitis with stromal thinning containing a neutrophilic and 
aspect of the cataract scar. Early corneal involvement with stromal mononuclear cell infiltrate. The intact Descemet's membrane is slight- 
infiltration and opacification is present nasally between the 2:30- and ly thickened. A fibrinopurulent membrane fills the anterior chamber 
3:30-o’clock position. A sector iridectomy following a planned intra- (periodic acid—Schiff, x 40). 


capsular cataract extraction had been performed 4 months earlier. 


Fig 3.—Case 1. Under higher magnification, there are macrophages 
containing masses of intracellular acid-fast bacilli. Scattered extracel- 
_ lular bacilli are also observed (white arrowhead) (acid-fast stain, 
x 322). 
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Fig 4.—Case 1. Several macrophages with intracellular clusters of 
gram-positive bacilli and scattered extracellular organisms are pre- 
sent (white arrowhead) (Brown and Hopps, x 322). 





a 


Fig 6.—Case 1. Low-power view of keratectomy specimen displaying 
a deep abscess involving the donor-host interface and extending into 
the anterior chamber. Descemet's membrane is folded and focally 
interrupted at the site of abscess formation. The superficial conjuncti- 
val stroma shows a moderate lymphocytic infiltrate under the acantho- 
tic conjunctival epithelium (periodic acid—Schiff, x 10). 





Fig 8.—Case 2. At initial examination, the right eye demonstrated mild 
conjunctival hyperemia with a central corneal epithelial defect. A 
superficial stromal infiltrate and mild stromal thinning were observed in 
the same area. 
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i 
Fig 5.—Case 1. Clinical appearance of the right eye showing recur- 
rence of the infection following a 6.5-mm penetrating keratoplasty. An 
intracorneal abscess is present inferiorly involving the graft-host inter- 
face. A peripheral iridectomy is present superotemporally. 











Fig 7.—Case 1. Following an 11-mm corneal graft, another intracor- 
neal abscess developed inferiorly, and the graft became opacified. 
Marked hyperemia and chemosis lie adjacent to an area of recurrent 
nodular scleritis nasally. 





Fig 9.—Case 2. Clinical appearance of the right eye, 14 months 
following discontinuation of amikacin sulfate therapy. Except for a 
well-healed corneal scar centrally, results of the ocular examination 
were normal. 
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host interface, consisting mostly of neutro- 
phils and macrophages (Fig 6). Special 
stains again revealed the presence of gram- 
variable and strongly acid-fast bacilli, most- 
ly within the cytoplasm of histiocytes. My- 
cobacterium chelonei was again cultured, 
but the sensitivity pattern had changed. 
This second isolate was resistant to sulfa- 
methoxazole and trimethoprim, streptomy- 
cin, gentamicin, tobramycin, erythromycin 
base, tetracycline hydrochloride, doxycy- 
cline, minocycline hydrochloride, and ami- 
kacin. It was reported to be sensitive to 
kanamycin, cefoxitin, and sulfisoxazole dio- 
lamine. Owing to a lag time of approximate- 
ly 1 month between the date on which the 
specimen was collected and the date on 
which sensitivity testing was reported, and 
because of the favorable response to amika- 
cin observed in other case reports, amikacin 
was continued throughout the treatment 
course. 

During the following month, an intracor- 
neal abscess developed inferiorly, resulting 
in opacification of the graft. A nodular 
scleritis associated with marked chemosis 
and hyperemia was present nasally (Fig 7). 
In June 1987, a 12-mm corneoscleral trans- 
plant (including 4 mm of the nasal sclera) 
was performed. Histopathologic examina- 
tion revealed scarring with acute and chron- 
ic inflammation at the donor-host interface. 
Additionally, there was scleral necrosis 
with abscess formation and foci of calcifica- 
tion. Acid-fast stains failed to reveal any 
organisms. Following the 12-mm eccentric 
graft, the inflammation was finally con- 
trolled. However, scarring and opacifica- 
tion of the anterior segment occurred as the 
inflammation subsided, with reduction in 
visual acuity to light perception only. 

CASE 2.—A 45-year-old white woman 
was referred in October 1988 for evaluation 
of a nonhealing corneal ulcer of the right 
eye. The patient stated that a wooden for- 
eign body had been removed 1 year previ- 
ously from her right cornea. Since then, she 
had experienced chronic pain, blurred vi- 
sion, and photophobia. A diagnosis of a 
chronic corneal ulcer, which was unrespon- 
sive to a variety of topical antibiotics, 
patching, and a bandage contact lens, was 
made. Her ocular and medical history were 
otherwise unremarkable. 

When initially examined, the patient was 
applying tobramycin drops to the right eye 
four times a day and erythromycin ointment 
at bedtime. Ophthalmologic examination re- 
vealed a visual acuity of 20/80 OD. Mild 
conjunctival hyperemia and a small central 
corneal epithelial defect was noted. Extend- 
ing beyond the borders of the epithelial 
defect was a central area of superficial 
stromal infiltrate with mild thinning (Fig 8). 
Corneal sensation was depressed to absent, 
and the anterior chamber was clear. Find- 
ings from the ophthalmoscopic examination 
were unremarkable. Examination of the left 
eye showed normal results. 

Because of the indolent nature of the 
disease and the lack of response to treat- 
ment, the patient was instructed to discon- 
tinue treatment with all medications and to 
patch her right eye continuously for 1 week. 
Since no improvement occurred, scrapings 
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from the cornea, eyelids, and conjunctiva 
were obtained for smears and cultures. 
Smears revealed no organisms on Gram’s 
stains. Cultures showed moderate growth 
of coagulase-negative staphylococci from 
the eyelids only. Two weeks later, corneal 
cultures revealed several colonies of an 
acid-fast bacillus growing on blood agar 
stored at room temperature. Because of 
reported success in treating nontuberculous 
mycobacteria with amikacin, therapy was 
initiated with amikacin sulfate solution 
(10 mg/mL) to the right eye five times a 
day. The organism was later identified by a 
reference laboratory as M flavescens. It 
was reported to be resistant to isoniazid, 
but sensitive to ethambutol, rifampin, 
streptomycin, and amikacin. The corneal 
ulcer healed gradually over the next 2 
months, and the patient’s visual acuity im- 
proved to 20/40 OD. The amikacin therapy 
was continued four times daily for the next 
2 months. Fourteen months later, she re- 
mained asymptomatic with a visual acuity 
of 20/40 OD. Slit-lamp examination revealed 
a well-healed central corneal scar (Fig 9). 


COMMENT 


By their nature, the nontuberculous 
mycobacteria are opportunistic patho- 
gens, requiring some disturbance in 
the normal ocular environment to pro- 
duce infection. Whereas M fortuitum, 
M chelonei, M gordonae, M avium- 
intracellulare, and M marinum have 
been reported to cause a variety of 
infections at other anatomic sites in 
humans, M flavescens is generally con- 
sidered to be a nonpathogen for hu- 
mans.” To our knowledge, only one 
previously reported infection in hu- 
mans” has been recorded. 

Almost all cases of nontuberculous 
mycobacterial keratitis reported to 
date have been associated with an an- 
tecedent history of either foreign-body 
trauma or surgical trauma. A clinical 
summary of all cases reported to date 
has been compiled in the Table. The 


‘average age of the patients is 47 years, 


with a range from 17 to 84 years. Male 
subjects account for 70% of the cases 
reported, which might be related to 
greater risk of foreign-body trauma 
from occupational exposure. As noted, 
keratitis has developed in association 


with removal of corneal foreign 
bodies (metal or vegetable mat- 
ter), 2°80 radia] keratotomy,“ 


10,11,15,19-21 


penetrating keratoplasty, su- 
ture removal,”” surgical posterior cap- 
sulotomy,” and even simply with the 
presence of a contact lens.*”’” The use 
of topical and/or periocular steroids 
preceded the diagnosis in 90% of the 
cases. Steroids may have contributed 
to the proliferation of these organ- 
isms, °°" 

Mycobacterium chelonei has also re- 
cently been identified as a cause of 


endogenous and exogenous endoph- 
thalmitis.”” Mycobacterium avium- 
intracellulare has also been implicated 
in two cases of endophthalmitis” and 
three cases of asymptomatic choroidi- 
tis*” in debilitated patients. 

The nontuberculous mycobacteria 
tend to produce indolent infections be- 
cause of their relatively low virulence 
and slow rate of growth. Some cases 
have been diagnosed incorrectly for 
more than a year before the true 
pathogen was detected. Histopatholog- 
ic examination and special stains of 
infected material may be necessary to 
establish the correct diagnosis. 

Owing to the slow rate of growth of 
most nontuberculous mycobacteria, 
many of these infections will remain 
undiagnosed if culture plates are not 
maintained for an adequate time. This 
period may be as long as 8 weeks for 
the slow-growing species. Löwenstein- 
Jensen and Middlebrook agar provide 
excellent culture media, although 
these bacteria can also grow on blood 
agar. Because these organisms are 
gram positive and are encountered in- 
frequently, they have at times been 
mistakenly identified on smears as 
diptheroids or Nocardia species, even 
by well-trained microbiology techni- 
cians."""""""""*"" Acid-fast and/or fluo- 
rescein-conjugated” stains can be help- 
ful in providing an accurate diagnosis. 

Even if the correct diagnosis is 
made, the infection can be difficult to 
eradicate, and surgical intervention 
may be required, as noted in case 1. 
Rapid-growing nontuberculous myco- 
bacteria are generally resistant to the 
usual antituberculous drugs, but they 
do demonstrate variable susceptibility 
to a broad range of other agents, in- 
cluding fluoroquinolones, imipenem, 
amikacin, kanamycin, tobramycin, 
gentamicin, doxycycline, minocycline, 
tetracycline, erythromycin, cephalo- 
sporins, and sulfonamides. Some of the 
slow-growing species, such as M 
avium-intracellulare, M marinum, 
and M flavescens, are more likely to be 
sensitive to certain antituberculous 
drugs. Since susceptibility patterns 
are variable, it is recommended that 
antibiotic sensitivity testing be per- 
formed on each isolate. Repeated cul- 
tures also may be helpful in refractory 
cases since the sensitivity pattern may 
change during the course of treatment, 
as has been observed previously” and 
as was noted in case 1. 

Although nontuberculous mycobac- 
terial ocular infections are rare, they 
are being reported with increasing fre- 
quency. Clinicians should suspect non- 
tuberculous mycobacterial infections 
when treating a patient with a non- 
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healing, traumatic, ulcerative kerati- 
tis, especially if associated with the use 
of corticosteroids or if smears of corne- 
al scrapings are reported as possible 
diphtheroids or Nocardia. Awareness 
of the clinical setting in which these 
infections occur, along with a knowl- 
edge of the appropriate management, 
should help prevent serious ocular 
complications. 


This study was supported by grants from Retina 
Research Foundation, Houston, Tex, The Lions 
Eye Bank, Houston, Tex, and Research to Prevent 
Blindness, Inc, New York, NY. 
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Epidemiology and Biostatistics 


Incidence of Ocular Surface Epithelial Dysplasia 
in Metropolitan Brisbane 


A 10-Year Survey 


Graham A. Lee, MBBS, Lawrence W. Hirst, MD 


è The ocular histologic records of all 
hospital and private pathologic laborato- 
ries in metropolitan Brisbane, Australia, 
were surveyed from 1980 through 1989. 
One hundred thirty-nine cases of histo- 
logically proven dysplasia, carcinoma in 
situ, and invasive carcinoma of the cor- 
nea and conjunctiva were identified. The 
incidence of these conditions in the area 
surveyed is estimated to be 1.9 per 
100 000 per year averaged for 10 years. 

(Arch Ophthalmol. 1992;110:525-527) 


Dysplasia, carcinoma in situ, and 

squamous cell carcinoma of the oc- 
ular surface are considered uncommon 
diseases.'* These diseases are poten- 
tially blinding,’ and there is epidemio- 
logic evidence to suggest that they are 
related to exposure to UV light.” Con- 
sidering the evidence that the Earth's 
ozone layer is depleting, resulting in 
increased exposure to UV-B light at 
various geographic locations, the inci- 
dence of these diseases may well 
increase. 

Because no population-based studies 
have been performed to indicate the 
frequency of these diseases, it is im- 
portant to establish a database as to 
the incidence of these diseases for use 
with future comparative studies. Such 
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a database could be used to confirm or 
deny a causal role of UV light expo- 
sure in these diseases. We have sur- 
veyed the histologic records of all ocu- 
lar surface specimens examined at all 
pathology laboratories in metropolitan 
Brisbane, Australia, during the last 10 
years to determine a rate of occurrence 
of these three diseases. 


MATERIALS AND METHODS 


Ethical approval was obtained from the 
four major public hospitals and the three 
private pathology laboratories in Brisbane 
to obtain access to their pathologic records. 
All ocular surface biopsy and enucleation 
specimen reports were examined manually. 
Those containing a histologic diagnosis of 
corneal/conjunctival dysplasia, carcinoma in 
situ, or squamous cell carcinoma were se- 
lected for further study. Dysplasia was 
defined as partial-thickness intraepithelial 
neoplasia; carcinoma in situ, full-thickness 
intraepithelial neoplasia’; and squamous cell 
carcinoma, invasion of the basement mem- 
brane. All records from 1980 through 1989 
were examined. 

Information from all seven laboratories 
during the 10-year period were cross-corre- 
lated to avoid resampling of cases as recur- 
rences occurred. Patients were included 
only if their postcodes were within a range 
of posteodes representing metropolitan 
Brisbane for which 1980-1989 census figures 
and estimates were available.’ 

Australian Bureau of Statistics census 
figures for the estimated residential popula- 
tion of Brisbane were obtained for 1980 
through 1989. 

New cases were defined as histologically 
confirmed disease occurring for the first 
time in a patient, and incidence was calcu- 
lated using these new case figures and the 


population of Brisbane as estimated using 
census figures. 

According to the census, Brisbane Statis- 
tical Division contains 46% of Queensland's 
population. In 1990, there were 47 Bris- 
bane-based ophthalmologists.” Queensland 
itself had 4800 medical practitioners, 60% of 
whom practiced in the Brisbane Statistical 
Division. Total health expenditures by com- 
monwealth, state, and local governments in 
Queensland between 1987 and 1988 were 
$2.1 billion. 


RESULTS 


From 1980 through 1989, 139 cases 
of corneal epithelial dysplasia, carcino- 
ma in situ, and squamous cell carcino- 
ma of the ocular surface were diag- 
nosed, all based on biopsy specimens. 
The population of metropolitan Bris- 
bane ranged from 702500 to 744 557 
from 1980 to 1989*"* (Table 1). The 
incidence ranged from one per 100 000 
in 1980 to 2.8 per 100000 in 1982 
(Table 1). Results of a Poisson Hetero- 
geneity Test showed the variations 
from year to year not to be significant 
(x’=15.77, P>.05). Seventy-nine of 
the 139 were cases of corneal epithelial 
dysplasia, 28 were carcinomas in situ, 
and 32 were squamous cell carcinomas 
(Table 2). The male-female ratio was 
97:42 (Table 3). The relative risk 
(male-female) ranged from 1.9 for 10- 
to 29-year-olds and 30- to 49-year-olds 
to 3.3 for 50- to 69-year-olds, with an 
overall male-female relative risk of 2.2 
(Table 4). 


COMMENT 


With a latitude of 30° south, Bris- 
bane has a metropolitan area of 
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Table 1.—Incidence of Primary Cases of Dysplasia, Carcinoma in Situ, and Squamous Cell Carcinoma 


1980 1981 


1982 1983 1984 1985 1986 


1987 1988 1989 Average 





No. of cases 
in metropolitan 
Brisbane, Austra- 
lia 
Population 
(100 000) * 
Incidence 
(per 100000 
residents) 


95% confidence 


intervalt 0.4-2.1 0.8-2.7 


* Data from the Australian Bureau of Statistics.‘ 


21 


7.43 


2.8 1.4 





1.8-4.3 0.7-2.5 1.7-4.2 0.8-2.7 0.5-2.1 


tWith Poisson distribution. By the Poisson Heterogeneity Test, x?=15.77 and P > .05. 


1.4-3.7 1.3-3.7 1.3-3.7 


Table 2.—Histologic Findings* 


1986 


Diagnosis 1980 1981 


1982 1983 1984 1985 


1987 1988 1989 





Corneal epithelial 
dysplasia (n=79) 
Carcinoma in situ 
(n=28) 
Squamous cell 
carcinoma (n=32) 1 (14) 1 (9) 
Total (N= 139) T 11 


*Values are number of cases (percentage). 


5 (71) 7 (63) 


1 (14) 3 (27) 


16 (76) 8 (80) 4 (20) 8 (73) 


2 (9) 1 (10) 7 (35) 2 (18) 


1 (10) 9 (45) 
10 20 1 





3 (14) 1 (9) 
1 1 


2 


6 (75) 11 (65) 6 (35) 8 (47) 


1 (12) 2 (12) 5 (29) 4 (24) 


1 (12) 4 (24) 6 (35) 5 (29) 
8 17 17 17 


Table 3.—Distribution of Cases of Ocular Surface Epithelial Dysplasia 


Patient 


Age, y 1980 1981 


by Age and Sex (M/F) 


= 1982 1983 1985 





10-29 2/0 2/0 


1983. 
0/0 of 0/0 0/0 





30-49 
50-69 
70-89 
=90 
Total 


2/0 
3/2 
0/0 
9/2 


9/2 
2/2 
0/0 
16/5 


2/0 at 


1/2 1/2 2/1 1/2 
2/2 8/3 4/2 3/0 
3/0 4/1 2/0 1/1 
0/0 0/0 0/0 0/0 
6/4 13/7 8/3 5/3 


1986 
0/0 


© w0 


8/2 
3/3 
0/0 
12/5 


Table 4.—Relative Risk of Ocular Surface Epithelial Dysplasia by Sex and Age in Metropolitan Brisbane, Australia 


—_——— 


Patient No. of 
Age, y Cases 


Population* _ 


Female 


Incidence 
(per 100 000 No. of 
_ Residents) Cases © 


_ Population” _ 


—_——— 


Incidence 
(per 100000 Relative Risk 
_ Residents) (M/F) 








120427 
92611 
65 561 
22 156 

300755 


10-29 5 
30-49 17 
50-69 49 
70-89 25 
Total 96 


0.4 2 
1.8 9 
7.5 16 
11.3 15 
3.2 42 


91171 
93 891 
70885 
36 349 
292 296 


0.2 1.9 
1.0 1.9 
2.3 3.3 
4.1 ou 
1.4 2.2 





* Census of Population and Housing, 1986. Brisbane, Australia: Australian Bureau of Statistics; 1988. Catalog No. 2464.0. 


1220 km’ and a population of more than 
745 000.* It is isolated from the next 
major urban area, Sydney, by approxi- 
mately 900 km. Ophthalmic medical 
services in Brisbane are provided by 
47 ophthalmologists,’ with some refer- 
rals from rural areas of Queensland to 
Brisbane ophthalmologists, but few re- 
ferrals from Brisbane to outside oph- 
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thalmologists. There is no centralized 
ophthalmie pathology laboratory in 
Australia. Consequently, virtually all 
specimens taken in the Brisbane met- 
ropolitan area are processed in the 
same area. All processing and analysis 
is performed in seven laboratories in 
Brisbane, four of which are part of the 
public hospital system and three of 


which are private laboratories. 

This suggests that most patients 
with clinically observable lesions sus- 
pected of being neoplasms requiring 
removal were represented by patholo- 
gy records recovered in this study. 

The incidence rate of 1 to 2.8 per 
100 000 residents of the Brisbane met- 
ropolitan area is well below those for 
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squamous cell carcinoma of the skin 
and melanoma of the skin in Queens- 
land as a whole.’ However, this rate is 
higher than the rate for thyroid carci- 
noma in Queensland.” The clinical sig- 
nificance of these diseases is yet to be 
described in a large group of patients. 
However, some patients do require 
enucleation because of intraocular ex- 
tension by recurrent squamous cell 
carcinoma.’ The relative frequency of 
these diseases may be explained by 
exposure to UV light, which is associ- 
ated with other diseases," such as pte- 
rygium, frequently reported in 
Queensland." With the depletion of the 
ozone layer and the resultant increase 
in exposure to UV-B light on land 
masses, occurrences of diseases associ- 
ated with exposure to UV-B light may 
well be expected to increase. 

This estimated incidence rate would 
be an overestimate if patients from 
rural Queensland were selectively re- 
ferred to Brisbane or if patients moved 
to Brisbane temporarily for treatment. 
The latter would be reflected on regis- 
tration forms for pathology results. It 
is unlikely that any overestimate of 
incidence occurred as a result of ad- 
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Metastatic squamous cell carcinoma of the conjunc- 
tiva. Ophthalmology. 1988;95:318-321. 

2. Erie JC, Campbell RJ, Liesegang TJ. Con- 
junctival and corneal intraepithelial and invasive 
neoplasia. Ophthalmology. 1986;93:176-183. 

3. Pizzarello LD, Jakobiec FA. Bowen's disease 
of the conjunctiva: a misnomer. In: Jakobiec FA, 
ed. Ocular and Adnexal Tumors. New York, NY: 
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1989, Preliminary. Brisbane, Australia: Austra- 
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dress change, as home addresses are 
used for patients admitted to public 
hospitals, and, for private patients, 
home addresses are usually used as 
billing addresses. It is also possible 
that dysplasia, carcinoma in situ, or 
squamous cell carcinoma may be over- 
diagnosed histologically, leading to an 
overestimate of their incidence. This 
possibility could only be ruled out with 
a review of all the pathologic slides and 
an independent assessment of the 
diagnoses. 

An underestimate of the incidence of 
these diseases could result from a num- 
ber of factors. First, because these are 
slowly progressing diseases, patients 
may not have sought ophthalmic ad- 
vice in the early stages. Second, pa- 
tients may have been observed for long 
periods by ophthalmologists before bi- 
opsy was performed. These two situa- 
tions would bias study results to an 
underestimate in the later years of the 
study. Third, it is also possible that 
dysplastic lesions were removed but 
not submitted to pathology laborato- 
ries for examination. Fourth, patholo- 
gy laboratories may have underdiag- 
nosed these diseases, which could only 
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be confirmed with a review by an 
independent source of all histologic 
specimens of ocular surfaces. Fifth, it 
is possible, but unlikely, that patients 
with these diseases electively moved 
to other centers, such as Sydney, for 
their ophthalmological treatment. 

To our knowledge, this is the first 
study of the incidence of these dis- 
eases. Results of this study will help 
put these diseases into perspective as 
public health problems. Similar inci- 
dence studies in areas of low exposure 
to UV light may assist in determining 
the relationship between these dis- 
eases and environmental factors. 
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Laboratory Sciences 


Preservative-Free Artificial Tear Preparations 


Assessment of Corneal Epithelial Toxic Effects 


Gregg J. Berdy, MD; Mark B. Abelson, MD; Lisa M. Smith; Michelle A. George 


e Scanning electron microscopy was 
used to evaluate the corneal epithelium 
of rabbit eyes after administration of two 
preservative-free ocular lubricants, pre- 
servative-free artificial tear—1 (Hypotears 
PF) and preservative-free artificial tear—2 
(Refresh), and 0.02% benzalkonium chlo- 
ride. Animals were randomly assigned to 
either mild or exaggerated use regimens. 
A quantitative rating system was used to 
assess epithelial damage. With mild use, 
scanning electron microscopy revealed 
normal epithelial morphologic character- 
istics for both preservative-free artificial 
tear solutions (mean relative damage 
score, solution 1, 0.75+0.16; solution 2, 
1.02 + 0.23), which were not significantly 
different from eyes treated with phos- 
phate-buffered saline (1.38+0.38) or a 
mild dosage regimen of 0.02% benzal- 
konium chloride (1.20 + 0.12). Exaggerat- 
ed use with preservative-free artificial 
tear solutions (solution 1, 1.31 +0.21; so- 
lution 2, 1.35+0.08) induced minimal 
damage that was not different from con- 
trol eyes treated with phosphate-buff- 
ered saline (1.26+0.13). Compared with 
an exaggerated use of 0.02% benzalkon- 
ium chloride (4.0+0.16), both preserya- 
tive-free artificial tear solutions induced 
significantly less epithelial damage 
(P=.0001). These results suggest that 
with frequent-dosage regimens, preser- 
vation-free artificial tear solutions-1 
and -2 are free of the toxic effects associ- 
ated with preserved solutions. 

(Arch Ophthalmol. 1992;110:528-532) 
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reservatives used in ophthalmic 

preparations can be divided into 
five classes: the quaternary ammonium 
compounds (benzalkonium chloride, 
cetrimide, cetylpyridinium chloride, 
and polyquaternium-1 [Polyquad]); the 
mercurials (thimerosal and phenylmer- 
curic nitrate); the alcohols (chlorobu- 
tanol and phenylethy] alcohol); and the 
esters of parahydroxybenzoic acid and 
other compounds (chlorhexidine and 
polymyxin).' The problem with current 
ophthalmic preservatives lies not with 
their efficacy as antimicrobials, but 
rather with their recognized cytotoxic 
side effects on the corneal epithe- 
lium.*” Benzalkonium chloride, the 
most common antimicrobial preserva- 
tive used in topical multiuse ophthal- 
mic preparations, does not appear to 
have adverse effects at concentrations 
used clinically (0.004% to 0.02%) unless 
the frequency of use exceeds four to 
six applications per day. It has been 
well documented by Pfister and Bur- 
stein’ and others that BAC can induce 
corneal epithelial toxic effects and re- 
tard epithelial regrowth and healing in 
laboratory animals, especially when 
used in excess of the recommended 
dosage." 

A pharmacologic treatment for kera- 
toconjunctivitis sicca (KCS) is not yet 
available. As a result, patients must 
supplement their own deficient tear 
film with tear substitutes. The most 
common preparations contain methyl- 
cellulose or polyvinyl alcohol.” Be- 
cause treatment is palliative, manufac- 
turers have attempted to modify the 
preparations by varying the tonicity, 
viscosity, and electrolyte/solute con- 
tent to increase both patient comfort 
and lubricant efficacy. In mild cases, 


instillation of aqueous tear substitutes 
several times per day is sufficient to 
maintain patient comfort. However, in 
severe cases of KCS, more frequent 
use of tear substitutes becomes neces- 
sary. Recently, many corneal special- 
ists have expressed their concern that 
the preservatives in ophthalmic solu- 
tions can cause ocular surface damage. 
Preservatives have been shown to dis- 
rupt the precorneal tear film and dam- 
age the epithelial surface.“ As a re- 
sult, patients requiring frequent use of 
tear supplements are now being start- 
ed on treatment regimens with preser- 
vative-free artificial tear preparations. 

In this study, we attempted to de- 
termine whether preservative-free ar- 
tificial tear preparations induced cor- 
neal epithelial damage in an animal 
model and compared these results with 
the effects of preservative-containing 
solutions. 


MATERIALS AND METHODS 
Formulations 


Sterile unit-dose containers of preserva- 
tive-free artificial tear-1 (PFAT1; Hypo- 
tears PF, Iolab Inc, Claremont, Calif) and 
preservative-free artificial tear-2 (PFAT2; 
Refresh, Allergan Inc, Irvine, Calif) were 
purchased as over-the-counter prepara- 
tions. The PFAT1 formulation was the orig- 
inal solution containing ethylenediaminete- 
traacetic acid. A solution containing 0.02% 
benzalkonium chloride was prepared in 
phosphate-buffered saline (PBS) while 
maintaining isotonicity and physiologic pH. 
This concentration was selected because it 
was the highest concentration currently 
used in topical, multiuse ophthalmic 
preparations. 


Experimental Procedure 


New Zealand White rabbits weighing be- 
tween 2 and 4 kg were randomly assigned 
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to receive either an aqueous tear substitute 
(four eyes per group), 0.02% benzalkonium 
chloride (five eyes per group), or PBS con- 
trol solution (two rabbits). A total of 20 
rabbits were used in this study. Rabbits 
were maintained and treated in full compli- 
ance with the Association for Research in 
Vision and Ophthalmology Resolution on 
the Use of Animals in Research, and this 
protocol was approved by the Animal Care 
and Use Committee at the Eye Research 
Institute. 

Before application of the eyedrops, each 
rabbit was examined with slit-lamp biomi- 
croscopy to assess baseline epithelial kera- 
topathy. Only those animals displaying min- 
imal punctate staining were entered into 
the study. Group 1 (mild use) received two 
drops of PFAT1, PFAT2, or 0.02% benzal- 
konium chloride every 30 minutes for 2 
hours. Group 2 (exaggerated use) received 
two drops of PFAT1, PFAT2, or 0.02% 
benzalkonium chloride every 3 minutes for 1 
hour. All eyedrops were applied in a similar 
manner. The upper lid of each eye was 
elevated and one drop measuring approxi- 
mately 40 uL was applied to the superior 
corneoscleral limbus and allowed to flow 
down across the cornea. The eyelid was 
manually closed and opened, and a second 
eyedrop was applied in a similar manner. 
The drops were applied in a masked fashion 
with the observing physician unaware of 
the treatment or dosage schedules. 

Twenty minutes after receiving the last 
eyedrop, the animals were anesthetized 
with 0.5 mL of ketamine hydrochloride (100 
g/L) and 0.5 mL of xylazine hydrochloride 
(20 g/L). When the animals were adequate- 
ly sedated, approximately 10 minutes later 
(30 minutes after the last drop), they were 
killed by cardiac puncture with 1.0 mL of 
sodium pentobarbital (6 g). From the time 
the animals were killed, corneas were 
bathed continuously with half-strength 
Karanovsky’s fixative (2% paraformalde- 
hyde and 2.5% glutaraldehyde). The globes 
were enucleated and a small stab incision 
was made posterior to the limbus to allow 
rapid access of the fixative. The entire 
globe was placed in the fixative for 10 
minutes. The cornea was excised with a 
surrounding scleral rim and returned to 
fresh fixative for 24 hours before perform- 
ing embedding procedures for microscopy. 

After fixation, a triangular, limbus-based 
wedge of tissue was removed from each 
cornea. The wedge of tissue was prepared 
by dehydration in a series of ethanol dilu- 
tions ranging in concentration from 70% to 
95%, each for 20 minutes. The tissue was 
then suspended in a glycol methacrylate- 
benzoyl peroxide block and allowed to sit 
overnight for embedding. The embedded 
tissue was then cut to 3-um-thin sections 
and stained with hematoxylin-eosin. These 
slides were evaluated in a masked fashion 
for corroboration of the scanning electron 
microscopic (SEM) findings. 

The remaining corneal tissue was pre- 
pared for SEM. Tissue that had been stored 
in half-strength Karanovsky’s fixative was 
washed in 0.1-mol/L cacodylate buffer for 
10 minutes, then dehydrated in a series of 
increasing concentrations of ethanol. The 
ethanol-dehydrated specimens were trans- 
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Relative Damage Score 


SEM Findings 





0 No loss of microvilli; 
no plasma membrane wrinkling; 
normal number of epithelial holes; 


no cell peeling 








Mild diffuse loss of microvilli or loss of 
peripheral microvilli only; 
plasma membrane wrinkling <10% of cells; 
cell peeling <2% of cells; 
increased number of epithelial holes; 
increased number of dark cells 





Moderate diffuse loss of microvilli; 
plasma membrane wrinkling >10% and <50% of cells; 
cell peeling >2% and <25% of cells; 
loss of hexagonal shape (smoothing) 





Plasma membrane wrinkling >50% of cells; 
diffuse cell peeling >25% of cells; 
retraction of cell membrane borders 





Loss of superficial cell layer; 
second cell layer intact 





Above plus peeling of second cell layer 








Mild 








Exaggerated 































































Patient. Ż AAA 
No. PFAT1; PFAT2; BAC PBS PFAT1; PFAT2; BAC PBS 
1 1.08 0.96 1.0 1.75 1.75 1.38 4.0 1.13 
2 0.83 1.0 1.5 1.00 1.50 1.50 4.0 1.38 
3 0.33 0.5 1.0 1.25 1.13 3.5 
4 0.75 1.63 1.0 0.75 1.40 4.5 
5 mt anit 1.5 ie Hats a 4.0 ote 
Mean + 0.75 1.02 1.2 1.38 1.31 1.35 4.0 1.26 
SEM + 0.16 + 0.23 + 0:12 + 0.38 + 0.21 + 0.08 + 0.16 + 0.23 





“Individual scores are actually the mean of three representative areas from each cornea. The grading 


was performed only in increments of 0.5. 


ferred to a critical point drying apparatus 
(Tousimis Samdri-790, Tousimis Research 
Corp, Rockville, Md) using carbon dioxide. 
The dried cornea specimens were mounted 
on aluminum studs using silver paint and 
allowed to dry overnight. Each cornea was 
then sputter-coated with gold for contrast 
using a Balzer’s SCD 040 machine (Balzer’s 
Union Ltd, Liechtenstein) and then ana- 
lyzed with SEM in a _ double-masked 
fashion. 

A modification of the numerical rating 
system devised by Burstein" was used to 
assess the relative epithelial damage caused 
by the eye drops when evaluated with 
SEM. This system assigns a numerical 
score (0 to 5) to the severity of damage as 
evidenced by loss of microvilli, plasma 
membrane wrinkling, cell peeling, loss of 
hexagonal shape (smoothing), retraction of 
cell borders, increased number of dark 
cells, and loss of epithelial cell layers (Table 
1). All SEM evaluations were performed in 
a masked fashion. The relative damage 
score (RDS) assigned to each eye was the 
mean of the scores assigned to the three 
areas evaluated on the cornea. The statisti- 


cal evaluation of data subsets was per- 
formed using the paired, two-tailed Stu- 
dent's t test. 

Each cornea was viewed with SEM under 
low magnification to assess the overall ap- 
pearance of the epithelium. Three separate 
areas located at approximately the same 
distance (1.5 to 2.0 mm) from the corneal 
apex were chosen for evaluation. The cen- 
tral cornea was avoided since it is usually 
the site of mild, baseline keratitis in normal 
rabbits. The edges were also not evaluated 
because these areas tend to show more 
handling and fixation damages. Every èf- 
fort was made to avoid areas with region- 
specific differences, either too damaged or 
too normal, evaluating only those that were 
representative of the condition of the entire 
cornea. Photomicrographs were taken at 
three levels of magnification ( x 600, x 1200, 
and x 3000). 


RESULTS 


Table 2 shows the individual (mean 
of three areas) and group mean scores 
for each eye and each group in this 
study. Mild use of PBS resulted in a 
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Fig 1.—Scanning electron micrograph of rabbit corneal epithelium in the phosphate-buffered saline—-treated control group. 
Left, Group 1 (mild use) eyes showed an increased number of epithelial holes, loss of the normal epithelial hexagonal 
shape, and mild to moderate loss of microvilli (x 1200). Right, Group 2 (exaggerated use) eyes showed mild loss of 
peripheral microvilli, increased numbers of dark cells, and minimal wrinkling of surface cells; the epithelial cells maintained 
their normal shape and showed no evidence of retraction ( x 1200). 


Fig 2.—Scanning electron micrograph of rabbit corneal epithelium treated with 0.02% benzalkonium chloride. Top left, 
Group 1 (mild use) eyes showed minimal loss of microvilli, an increased number of epithelial holes, and loss of their normal 
hexagonal shape (x 1200). Top right, High-power view of the cornea seen in top left (x 3000). Bottom left, Group 2 
(exaggerated use) eyes exhibited diffuse epithelial peeling and retraction of the cell membrane borders. There was marked 
loss of microvilli with sloughing of the superficial layer of epithelium ( 1200). Bottom right, High-power view of the cornea 
seen in bottom left ( x 3000). 
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Fig 3.—Scanning electron micrograph of rabbit corneal epithelium treated with preservative-free artificial tear preparations. 
Top left, Group 1 (mild use) eyes treated with preservative-free artificial tear—1 (PFAT1) displayed normal surface 
epithelium with velvety microvilli; however, there was an increase in the number of dark cells present (x 1200). Top right, 
Group 1 (mild use) eyes treated with preservative-free artificial tear-2 (PFAT2) showed normal epithelial architecture, 
except for an increase in the number of dark cells and epithelial holes ( x 1200). Bottom left, Group 2 (exaggerated use) 
eyes given PFAT1 displayed mild loss of diffuse microvilli, loss of the normal hexagonal epithelial shape, and an increased 
number of epithelial holes ( x 1200). Bottom right, Group 2 (exaggerated use) eyes given PFAT2 showed mild loss of diffuse 
and peripheral microvilli and loss of epithelial shape ( x 1200). 


mean RDS of 1.38+0.38, with an in- 
creased number of epithelial holes, loss 
of the normal epithelial hexagonal 
shape, and mild to moderate loss of 
microvilli (Fig 1, top). Exaggerated 
use of PBS resulted in a mean RDS of 
1.26+0.13, with mild loss of peripheral 
microvilli, increased numbers of dark 
cells, and minimal wrinkling of surface 
cells; the epithelial cells maintained 
their normal shape and showed no 
evidence of retraction (Fig 1, bottom). 

Photomicrographs of eyes treated 
with the preservative 0.02% benzal- 
konium chloride can be seen in Fig 2. 
Group 1 (mild benzalkonium chloride 
use) eyes had a mean RDS of 
1.20+0.12. The corneas demonstrated 
minimal loss of microvilli, increased 
number of epithelial holes, and loss of 
the normal hexagonal shape. Group 2 
(exaggerated benzalkonium chloride 
use) corneas had a mean RDS of 
4.00+0.16 and exhibited diffuse cell 
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peeling and retraction of cell mem- 
brane borders. There was loss of the 
normal fine, velvety appearance at- 
tributable to destruction of microvilli 
and loss of the superficial layer of the 
corneal epithelium. The cell membrane 
borders had begun to retract in most 
areas and there was marked loss of the 
superficial epithelial layer. 

Mild use of PFAT1 resulted in a 
mean RDS of 0.75+0.16, with normal 
corneal surface epithelial morphologic 
characteristics with velvety microvilli 
and normal hexagonal shape. Howev- 
er, there was an increase in the num- 
ber of dark cells present (Fig 3, top 
left). Mild use of PFAT2 resulted in a 
mean RDS of 1.02 + 0.23 with a normal 
corneal epithelial architecture, except 
for an increase in the number of dark 
cells and epithelial holes (Fig 3, top 
right). The mean RDS for both preser- 
vative-free preparations was not sig- 
nificantly different from control eyes 


receiving PBS or from that of eyes 
treated with 0.02% benzalkonium 
chloride. 

Exaggerated use of PFAT1 resulted 
in a mean RDS of 1.31+0.21, with 
mild diffuse loss of microvilli, loss of 
the normal hexagonal corneal epitheli- 
al shape, and an increased number of 
epithelial holes (Fig 3, bottom left). 
Exaggerated use of PFAT2 resulted in 
a mean RDS of 1.35+0.08, with mild 
loss of diffuse and peripheral microvilli 
and loss of the normal corneal epitheli- 
al shape (Fig 3, bottom right). Exag- 
gerated use of both PFAT1 and 
PFAT2 induced only minimal corneal 
epithelial damage, which was not dif- 
ferent from that in the PBS-treated 
control eyes. However, compared with 
0.02% benzalkonium chloride both 
PFAT1 and PFAT2 induced signifi- 
cantly less epithelial damage in the 
exaggerated use group (P=.0001). 

Light microscopic examination of 
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the tissues under x 10 and x 40 magni- 
fication corroborated the pathologic 
changes seen in all corneas with SEM. 


COMMENT 


Ophthalmic preservatives in general 
are a “double-edged sword”; clinicians 
must weigh the benefit of sterility vs 
the risk of cytotoxicity to the corneal 
surface. In 1963, Kohn et al demon- 
strated that benzalkonium chloride 
was extremely effective when evaluat- 
ed as a preservative agent. Presently, 
benzalkonium chloride is the most com- 
mon antimicrobial ophthalmic preser- 
vative used clinically in concentrations 
ranging from 0.004% to 0.25%. Subtle 
to profound damage to the corneal 
surface can occur with overuse of ben- 
zalkonium chloride, leading to chronic 
irritation and possibly infection. Sev- 
eral authors have demonstrated cyto- 
toxic effects of benzalkonium chloride 
on the corneal epithelium. In 1972, 
Rucker et al” showed that 0.01% ben- 
zalkonium chloride decreased epithelial 
healing time in rabbits. Tonjum* dem- 
onstrated epithelial toxic effects in- 
duced by 0.02% and 0.01% benzalkon- 
ium chloride. Most recently, Burstein” 
presented data showing that benzal- 
konium chloride in concentrations as 
low as 0.005% produced cellular 
damage. 

Olson and White’ recently resurrect- 
ed the long-standing belief held by 
many corneal specialists that KCS may 
be aggravated by frequent use of pre- 
servative-containing artificial aqueous 
tear preparations. Based on published 
studies of the effects of preservative 
agents”''” in vitro coupled with the 
clinical observation that persistent cor- 
neal epithelial defects took longer to 
heal in the presence of preservative 
agents, there has been a movement 
toward the use of preservative-free 
preparations. Preservative-free tear 
preparations have been studied in hu- 
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man subjects, demonstrating both sub- 
jective and objective improvement of 
ocular symptoms and signs of KCS."*" 

In this evaluation of corneal cytotox- 
icity, rabbit corneas were used be- 
cause this model has proven in the past 
to be a reliable and reproducible 
means of studying corneal epithelial 
changes.” However, Burstein” has 
pointed out that rabbit corneas tend to 
be more sensitive than human corneas 
when used for evaluating ophthalmic 
preservatives. Scanning electron mi- 
croscopic evaluation of the corneal epi- 
thelium permitted a more detailed 
evaluation of the cellular integrity, 
overall surface morphologic charac- 
teristics, and cellular morphologic 
changes than examination with slit- 
lamp biomicroscopy. Furthermore, 
SEM provides reproducible, objective 
results and the opportunity to photo- 
graph the findings for later observa- 
tion and scrutiny. 

The grading system used was sensi- 
tive to increments of 0.5. However, 
because even individual scores were 
the average of three areas, mathemati- 
cal means appeared to suggest a higher 
sensitivity. No attempt was made to 
clinically interpret mathematical dif- 
ferences of less than 0.5 increments. 
Nevertheless, the statistically signifi- 
cant differences observed between the 
exaggerated use of BAC and that of 
the artificial tears were almost three 
units in magnitude—clearly a clinically 
significant change. 

The investigators were masked 
throughout the study, including the 
administration of the drops, the selec- 
tion of the SEM areas for evaluation, 
and the grading of the final micro- 
graphs and slides. Every effort was 
made to eliminate potential bias from 
this study. 

This study attempted to recreate 
two common scenarios encountered 
when treating patients with KCS. 
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Group 1 (mild use) represented pa- 
tients with mild ocular findings and 
symptoms who were treated with an 
aqueous tear preparation several times 
a day. Group 2 (exaggerated use) rep- 
resented patients with severe ocular 
findings and symptoms characteristic 
of KCS who used tear substitutes ev- 
ery hour. As has been noted in studies 
published previously, the corneal epi- 
thelial damage induced by a mild dose 
of 0.02% benzalkonium chloride was 
minimal and not unlike that seen in 
control eyes treated with PBS. How- 
ever, when 0.02% BAC was used very 
frequently, changes consistent with 
epithelial toxic effects were present. It 
should be noted that even with infre- 
quent dosing, preserved solutions may 
be contraindicated in the presence of 
trophic ulcers or other states of se- 
verely compromised corneal epithelial 
integrity. Evaluation of two preserva- 
tive-free artificial tear preparations 
demonstrated these agents to be non- 
toxic to the corneal epithelium in both 
the mild and exaggerated use proto- 
cols. The epithelial changes observed 
were no different from those seen in 
control eyes. 

The results of this study indicate 
that exaggerated use of the preserva- 
tive-free artificial tear preparations, 
PFAT1 and PFAT2, did not induce 
corneal epithelial damage and were 
less toxic than a preservative solution 
of 0.02% benzalkonium chloride in a 
rabbit model. This study supports the 
belief that preservative-free prepara- 
tions are safe to use in patients, espe- 
cially when frequent dosing is 
required. 
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Tangential Corneal Surface Ablation With 193- and 308-nm 
Excimer and 2936-nm Erbium-YAG Laser Irradiation 


Barry M. Belgorod, MD; Marwood N. Ediger, PhD; Richard P. Weiblinger, MA; Robert A. Erlandson, PhD 


è An argon-fluoride excimer laser op- 
erating at 193 nm was used to perform 
tangential, wide-area surface photoabla- 
tion of the corneas of bovine eyes. Com- 
parisons were made with similar tangen- 
tial ablations performed with the use of 
308-nm xenon chloride excimer laser and 
qi/g] 2936-nm erbium-YAG laser irradia- 
tion to evaluate potential photochemical 
and thermal effects. Light and transmis- 
sion electron microscopy of the corneal 
tissue revealed minimal tissue architec- 
tural changes for ablation at 193 nm. The 
zone of ultrastructural change at the cor- 
neal surface with the 193-nm excimer 
laser was 120 nm thick. The clinical ap- 
pearance of the corneal surfaces pro- 
duced by the tangential ablation at 193 
nm was the most satisfactory of those 
with the three wavelengths tested, being 
macroscopically smooth and glossy. 

(Arch Ophthalmol. 1992;110:533-536) 


he ability of argon fluoride (ArF) 

excimer laser ablation at 193 nm to 
remove corneal tissue precisely was 
initially described by Taboada and co- 
workers.’ Considerable work followed 
to investigate the fundamental abla- 
tion process and develop clinical appli- 
cations.™ The smoothness and unifor- 
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mity of the ablated surface and the 
lack of collateral damage to surround- 
ing tissue stimulated much interest in 
the applicability of the excimer laser to 
refractive surgery. 

Most studies of ultraviolet laser cor- 


neal ablation have configured the laser 


beam to be coincident with the optical 
axis of the eye or en face. However, 
recent work by Holme et al" indicated 
that tangential corneal ablation at 193 
nm produces significantly less detect- 
able haze, a potential side effect of the 
en face method. Differences in beam 
delivery angles may affect the thermal 
and acoustic insult to the tissue. Con- 
sequently, the extensive collateral 
damage exhibited with en face ablation 
at wavelengths other than 193 nm may 
not occur to the same degree in the 
tangential geometry. From a technical 
standpoint, longer-wavelength laser 
systems are attractive because they 
present far fewer engineering difficul- 
ties than the far-ultraviolet, halogen- 
containing ArF devices. We examined 
histologic results of tangential bovine 
corneal ablation at 193 nm and com- 
pared them with the results obtained 
by tangential ablation at 308 nm (xe- 
non-chlorine [XeCl] excimer) and 2.936 
um (erbium [Er]-YAG) laser. 


MATERIALS AND METHODS 


The output from an ArF excimer laser 
operating at 193 nm was spatially filtered 
and focused to a line 1.5x10 ° em high by 
0.5 em wide via a 150-mm calcium fluoride 
cylindrical lens (Fig 1). The energy incident 
on the cornea was approximately 12 to 
13 mJ (1.67 J/em *) per pulse, with a repeti- 
tion rate maintained at 10 Hz. The temporal 
pulse width of the laser output was approxi- 
mately 12 nanoseconds (full width half max- 
imum). Beam aiming and alignment were 
determined initially by a fluorescent screen, 


permitting coaxial alignment with a low- 
power helium-neon laser via a beam split- 
ter. Bovine eyes were positioned by motor- 
ized linear micropositioners for the x- and 
y-axes and a rotational micropositioner for 
rotation about the z-axis. 

The corneas of freshly enucleated bovine 
eyes were mechanically deepithelialized in 
situ with a No. 15 scalpel blade. The eyes 
were inflated with physiologic saline solu- 
tion by injection through the optic nerve, 
just to the point of corneal clouding. Suffi- 
cient saline was then withdrawn to reestab- 
lish corneal clarity. Six corneas were irradi- 
ated tangentially with a sufficient number 
of pulses of 193-nm ArF laser radiation to 
ablate completely all tissue in the path of 
the beam in planar sections at depths of 50, 
100, 150, 200, and 300 um. Seven corneal 
ablations produced by XeCl and two by Er- 
YAG were also performed and examined. 
The lasers and optical apparatus for these 
experiments were configured similarly to 
those for the ArF laser experiments. The 
XeCl laser was operated at a repetition rate 
of 10 Hz and produced an incident energy of 
10 to 12 mJ at the sample. The pulsed Er- 
YAG laser running at 4 Hz produced 100 mJ 
of 2936-nm radiation at the cornea. 

The ablated areas and a rim of unablated 
tissue were trephined from the bovine 
globes by means of a 10-mm disposable 
trephine. These corneal buttons were bi- 
sected, endothelial side up, with a No. 15 
scalpel blade. Half of each button was place 
in 3.7% formaldehyde for light microscopy, 
and half was placed in Karnofsky’s fixative 
for transmission electron microscopy. Par- 
affin sections for light microscopy were 
stained with Masson's trichrome. Thin, ep- 
oxy sections for transmission electron mi- 
croscopy were stained with uranyl acetate- 
-lead citrate and were viewed under a 
transmission electron microscope (Philips 
410 LS, Philips Analytical Electronic Op- 
tics, Eindhoven, the Netherlands). The 
light and electron microscopic sections were 
studied by examiners who were unaware of 
the wavelengths and modalities used to 
treat each specimen. 


Tangential Corneal Ablation by Laser—Belgorodetal 533 











Excimer 
Laser Beam 


\ 


Deepithelialized 
Cornea 





Calcium Fluoride 
Cylindrical Lens 


“S. Bovine Globe 


= RESULTS 
Experimental Observations 


Planar corneal surface ablations pro- 
duced by 193-nm radiation created 
smooth, high-gloss surfaces with no 
visible macroscopic damage to adja- 
cent unablated tissue (Fig 2). There 
was no apparent loss of corneal clarity. 
The 2936-nm Er-YAG laser created 
smooth but matte-finished surfaces 
with no visible macroscopic damage to 
adjacent unablated tissue. The 308-nm 
XeCl laser ablation produced notably 
irregular ablated surfaces with signifi- 
cant damage to adjacent unablated 
tissues. 












Fig 1.— Schematic illustration of the focusing lens, laser beam, and bovine globe. 


Bovine Pupil 


Photoflash Reflex 


cies 


Fig 2.—Macroscopic appearance of the tangentially ablated cornea at 193 nm. Note the smooth, 


glossy central ablated surface (superior to peripheral light reflex). 


Fig 3.—Cornea ablated tangentially at 193 nm with incident beam 
coming from the left side. The ablated surface is seen at left. Note the 
smooth anterior surface, with no evident stromal disorganization 
(Masson's trichrome, final magnification x 94.9). 





Ablation Zone : 
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Light Microscopic Findings 


Sections of corneas that were tan- 
gentially irradiated at 193 nm revealed 
negligible surface contour irregularity 
or disorganization with the use of Mas- 
son’s trichrome staining (Fig 3). In 
comparison, 2936-nm radiation caused 
a thin but microscopically detectable 
zone of anterior stromal disorganiza- 
tion (Fig 4). Ablation from the XeCl 
laser created a significantly deeper 
zone of anterior stromal disorganiza- 
tion and numerous areas of stromal 
vacuolization within the stroma adja- 
cent to the treated areas (Fig 5). 


Transmission Electron 
Microscopic Findings 


The ArF laser ablation created a 
thin (120-nm) pseudomembrane with 
loss of collagenous fibrillar architec- 
ture. The thickness value represents 
the average of measurements on multi- 
ple sections of four specimens. The 
corneas were free of any deeper collag- 
enous disorganization or loss of charac- 


Fig 4.—Cornea ablated tangentially at 2936 nm demonstrates a thin 
layer of anterior stromal disorganization. Incident beam and ablated 
surface are at left (Masson's trichrome, final magnification x 94.9). 






Ablation Zone 
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Fig 5.—Cornea ablated at 308 nm demonstrates significant local 
stromal denaturation and vacuolization. Incident beam and ablated 
surface are at left (Masson's trichrome, final magnification x 94.9). 





Fig 6.—Transmission electron micrograph of 193-nm ablated cornea. 
Note the 120-nm thin layer of electron density with negligible loss of 
adjacent collagenous architecture (final magnification x 24 850). 


Fig 8.—Transmission electron micrograph of 308-nm corneal ablation 
illustrating extensive breakdown of collagen fibrils and vacuole forma- 
tion. Normal-appearing stromal collagen fibrils are evident at lower left 


(final magnification x 18 460). 


teristic transverse bands beneath, or 
adjacent to, the treated areas (Fig 6). 
The normal anterior corneal collagen 
fibers had an average diameter of 28 
nm. The Er-YAG laser ablation pro- 
duced a zone measuring 200 to 500 nm 
in thickness, in which the stromal col- 
lagen was fragmented, more electron 
dense, and amorphous (Fig 7). In con- 
trast, the XeCl laser produced a zone 
of total loss of normal collagen fibril 
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structure and organization (“melting”), 
of variable thickness, that usually ex- 
ceeded 1000 nm. There was also exten- 
sive vacuole formation within the adja- 
cent, and occasionally remote, areas of 
untreated stroma (Fig 8). 


COMMENT 


Interest in the excimer laser as a 
potential instrument for wide-area, 
surface photoablative refractive kera- 





e ay 


Fig 7.—Transmission electron micrograph of 2936-nm ablated cor- 
nea. Note 200- to 500-nm zone of collagenous disorganization anteri- 
orly (final magnification x 19 880). 





tectomy has been recently tempered 
by concern over postablative corneal 


8,10-13 


stromal haze*""" andea predictability of 
ablation rates.*°""" 

In addition, en face ablations have 
been shown to create intentional sur- 
face irregularities, such as stepped, 
Fresnel-like surfaces,*"""” as well as 
unintentional local variations in ablat- 
ed areas. The latter may be due to 
inhomogeneities in the excimer laser 
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beam intensities, as well as inhomo- 
geneities in corneal surface contour 
and composition, causing both micro- 
scopic and macroscopic surface 
irregularities. 

Posterior tangential ablation of cor- 
neal tissue in the form of epikeratopha- 
kia lenticules*” resulted in highly uni- 
form ablated surfaces. Additional 
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studies*” demonstrated that the ante- 
rior surface of the cornea can be ablat- 
ed tangentially. In our study, a uni- 
formly thick, 120-nm anterior pseudo- 
membrane remained after 193-nm 
tangential ablation, which corresponds 
to similar measurements in en face 
ablations at the same wavelength.” 
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Altered Epithelial-Basement Membrane Interactions in 


Diabetic Corneas 


Dimitri T. Azar, MD; Sandra J. Spurr-Michaud, MS; Ann S. Tisdale, MS; Ilene K. Gipson, PhD 


è Morphologic alterations of the extra- 
cellular matrix in diabetes include thick- 
ening of the basement membrane and, as 
evidenced in the corneal epithelium, a 
decrease in the area of the basal cell 
membrane occupied by hemidesmo- 
somes. To determine if the abnormal 
basement membrane in diabetes has al- 
tered epithelial recognition of sites for 
hemidesmosome formation and if diabet- 
ic epithelium can recognize sites for he- 
midesmosome formation on normal 
basement membrane, we recombined 
epithelial sheets and corneal stromas 
with denuded basement membranes in 
vitro using diabetic and control corneas. 
In recombinations of diabetic epithelium 
on normal stromas, the area of the basal 
cell membrane occupied by hemidesmo- 
somes was 10.7%, significantly less than 
control recombinations (19.5%). Similar- 
ly, in recombinations of normal epitheli- 
um on diabetic stromas, the value (8.6%) 
was significantly decreased from con- 
trol. These data may indicate altered cell- 
extracellular matrix interactions in 
diabetes. 

(Arch Ophthalmol. 1992;110:537-540) 


xtracellular matrix abnormalities 
have been noted in several tissues 
in diabetes, including the retina, cor- 
nea, kidney glomeruli, muscle capillar- 
ies, and skin.’ A thickened multi- 
lamellated epithelial basement mem- 
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brane and an abnormal attachment of 
the basement membrane to the stroma 
are typical pathologic findings in the 
diabetic corneal epithelium.*” Although 
there are obvious defects in the diabet- 
ic corneal basement membrane,*”””’ the 
reason for such duplication is not 
known. One possible explanation is 
that altered cell-extracellular matrix 
interaction or recognition leads to re- 
synthesis and duplication of the base- 
ment membrane. 

Basal cell-basement membrane in- 
teractions in diabetic rats can be stud- 
ied by using recombinations of viable, 
full-thickness epithelial sheets and cor- 
neal stromas with denuded epithelial 
basement membrane. Previous work 
in this laboratory indicated that basal 
epithelial cells recognize specific sites 
on denuded basement membranes for 
formation of adhesion junctions (hemi- 
desmosomes).""" These sites are at the 
points where anchoring fibrils insert 
from the stromal side. 

The hemidesmosome, a specialized 
cell-extracellular matrix adhesion junc- 
tion, is involved in the adherence of 
the basal cells to the basal lamina” 
and is in some as yet undefined fashion 
linked through the basement mem- 
brane to the anchoring fibril. Anchor- 
ing fibrils are fibrillar extracellular 
matrix structures composed mainly of 
type VII collagen. The globular do- 
main of type VII collagen is present in 
the basement membrane, and the heli- 
cal domains associate to form cross- 
banded fibrils just below the basal 
lamina. There they splay out among 
stromal collagen fibrils and end in an- 
choring plaques (amorphous, electron- 
dense structures composed of laminin 


and the globular carboxy-terminal do- 
main of type VII collagen). By bridg- 
ing the basal lamina to the anchoring 
plaques, the anchoring fibrils form an 
extensive network that is intertwined 
with type I collagen fibrils; thus, they 
may function to anchor the basal lami- 
na and epithelium to the underlying 
stroma.” 

Animal models of diabetes have been 
used to determine the changes that 
occur in corneal epithelium with the 
disease. The alterations in the strepto- 
zocin diabetic rat model have been well 
characterized by Friend et al.” They 
noted that 1 month following strepto- 
zocin injection, the basal epithelial 
cells show increased glycogen gran- 
ules, and the basement membrane 
shows no abnormalities. At 8 months 
they observed thickening of the base- 
ment membrane, infoldings of the 
basement membrane into the epitheli- 
um, and degeneration of some basal 
cells. 

Using both streptozocin and BBW 
rat diabetes models, we performed re- 
combinations of diabetic basement 
membranes and normal epithelium, 
and vice versa, to determine (1) if 
there is altered hemidesmosome for- 
mation by normal epithelial cells cul- 
tured on basement membranes of dia- 
betic rats, and (2) if hemidesmosome 
re-formation by diabetic basal epitheli- 
al cells is decreased when diabetic epi- 
thelial sheets are cultured on normal 
basement membranes. These studies 
of epithelial-basement membrane in- 
teractions in an animal model of diabe- 
tes may allow us to determine whether 
recognition between cells and extracel- 
lular matrix is altered in diabetes. 
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Recombinations of epithelial sheets (E) with denuded basement membranes (BM) at 6-hour culture time. In 
recombinations of diabetic epithelial sheets with normal basement membrane (left), decreased hemidesmo- 
some formation (arrows) is noted when compared with control recombinations (right). Anchoring fibrils (curved 
arrows) are noted to insert on the stromal side of the lamina densa of the basement membrane. Recombinations 
of normal epithelial sheets with diabetic stromas (center) demonstrate similar decrease in hemidesmosome 
formation (arrows) when compared with the control recombination (bottom). 


MATERIALS AND METHODS 
Animals 


Streptozocin-Induced Diabetic Rats.— 
Diabetes was induced in 45-day-old rats by 
injecting streptozocin (65 mg/kg of body 
weight) in the tail vein. “Diabetic rats” 
were selected in which the blood glucose 
levels remained above 16.6 mmol/L 
throughout the experiment. The rats were 
in a “diabetic” state for 5 to 6 months prior 
to tissue preparation. 

BBW Genetically Diabetic Rats.— 
BBW genetically diabetic rats were ob- 
tained at age 45 days. Rats with blood 
glucose levels above 11.1 mmol/L were in- 
cluded. In contrast to the streptozocin- 
treated rats, the BBW rats required daily 
low-dose insulin treatment to survive until 
the end of the experiment. Subcutaneous 
insulin therapy was used to control the 
glucose levels until age 60 to 80 days when 
the rats were used for the experiments. 
Eye Research Institute’s guidelines regard- 
ing animal experimentation were followed. 


Recombination Experiments 


Preparation of Corneal Epithelial 
Sheets. — Rats were killed by intraperitone- 
al injection of phenobarbital overdose. Epi- 
thelial sheets, 4 mm in diameter, were 
removed from corneal buttons of BBW ge- 
netically diabetic rats, streptozocin-induced 
diabetic rats, and age-matched Sprague- 
Dawley control rats as previously described 
for rabbits.” Briefly, 4-mm corneal but- 
tons were placed in culture media contain- 
ing 1.2 U/mL Dispase II (Boehringer, 
Mannheim, Indianapolis, Ind). The posteri- 
or half of the stroma was removed, and the 
anterior half was incubated at 35°C for 1 
hour. Epithelial sheets were then removed 
by gentle teasing with jeweler’s forceps and 
washed in three changes of fresh media to 
remove Dispase II. 

Preparation of Denuded Basement 
Membranes.—Excised corneas were incu- 
bated at 35°C in Mg**- and Ca”* -free Hanks’ 
balanced salt solution containing 25 mmol/L 
edetic acid (tetrasodium) for 1 to 2 hours.’ 
Then, the epithelial sheet was removed 
with jewelers forceps. The corneas with 
denuded basement membrane were trans- 
ferred to fresh media and washed in three 
changes of media (10 minutes each). 

Recombination Procedure and Cul- 
ture.—The 4-mm-diameter epithelial sheets 
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were placed on 2.5-mm-diameter segments 
of cornea with denuded basement mem- 
brane. Smaller stromal substrates were 
used so that the basal cells of the epithelium 
would remain columnar and not migrate to 
resurface uncovered basement membrane. 
The epithelial sheets were transferred with 
a weighing spoon holding culture medium. 
The edges of the sheet roll inward, scroll 
fashion, toward the apical surface, allowing 
one to discern apical from basal surface. 
The recombined tissues were cultured for 
6 hours. This time point was chosen based 
on rabbit experiments showing that he- 
midesmosome re-formation increases to 
reach 85% at 6 hours following recombina- 
tion of epithelial sheets with denuded base- 
ment membranes.” Furthermore, longer 
recombination times were attempted, but 
the epithelial sheets (normal and diabetic) 
did not retain their stratification consistent- 
ly beyond 24 hours of culture. 


Morphologic Analysis of 
Hemidesmosomes 


At the end of the culture period, corneas 
were fixed in half-strength Karnovsky fixa- 
tive and processed for light and electron 
microscopy. Hemidesmosome counts were 
done with minor modifications of a previ- 
ously described method.” Two independent 
counts were made of the percentage of the 
basal cell membrane occupied by hemides- 
mosomes for the recombination of the fol- 
lowing: (1) normal epithelium on normal 
stroma (n=6); (2) streptozocin diabetic epi- 
thelium on normal stroma (n=3); (8) BBW 
diabetic epithelium on normal stroma 
(n=4); (4) normal epithelium on streptozo- 
cin diabetic stroma (n=2); and (5) normal 
epithelium on streptozocin diabetic stroma 
(n=5). A digitizer was used to measure the 
total basal cell membrane length (A) and 
the length occupied by hemidesmosomes 
(B) on 10 electron micrographs at standard- 
ized magnification for each recombination. 
The percentage of the basal cell membrane 
occupied by hemidesmosomes was calculat- 
ed as (B/A)x 100. Similarly, hemidesmo- 
somes were counted on electron micro- 
graphs of sections of intact rat corneas 
(n=5) that had been processed for electron 
microscopy as described above. These 
counts served as intact tissue controls. 

In previous experiments, we employed 
immunofluorescent techniques using anti- 


bodies to type VII collagen and bullous 
pemphigoid antibodies to localize hemides- 
mosomes and anchoring fibrils, but we were 
unable to use these techniques to quan- 
titate differences among various study 
groups.” Standardized measurements of 
the area occupied by hemidesmosomes were 
more reliable in this respect. Morphometric 
measurements of hemidesmosome forma- 
tion on the corneal epithelial basement 
membrane zone were standardized by mak- 
ing sure that true cross sections normal to 
the basement membrane were obtained. 
This was done by locating areas of columnar 
cells on thick 1-um sections prior to thin 
sectioning. 


RESULTS 


When examined by light and elec- 
tron microscopy, intact corneas from 
streptozocin-induced and BBW geneti- 
cally diabetic rats had similar morpho- 
logic characteristics. The corneal 
epithelium was stratified squamous 
epithelium, five to seven cells thick. 
Hemidesmosomes were present along 
the basal cell membrane adjacent to 
the basement membrane. Beneath the 
epithelium was a unilamellar basement 
membrane that overlaid a thick collag- 
enous stroma through which anchoring 
fibrils extended from the lamina densa. 
No differences in the ease of prepara- 
tion of the epithelial sheets and stro- 
mas were apparent between the dia- 
betic and the normoglycemic rats. The 
basal epithelial surfaces of isolated epi- 
thelial sheets showed blebbing of the 
basal cell membrane and disappear- 
ance of the hemidesmosomes along the 
membranes. The preparations of cor- 
neal stromas with denuded basement 
membranes showed no apparent dimi- 
nution of the anchoring fibrils 
(Figure). 

In the normal intact rat cornea, he 
midesmosomes occupied 34.6% + 1.2% 
of the basal cell membrane. The mean 
values for the various rat recombina- 
tions are given in the Table. The per- 
centage of basal cell membrane occu- 
pied by hemidesmosomes in control 
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Hemidesmosome Formatio in El 


Normal/Normal * 


Diabetic/Normal Normal/Diabetic 





No. (6-h culture) 6 
% Hemidesmosomet 19.541.5 





7 Z 
10.7+1.6 8.6+0.9 


* For column headings, wording to left of virgule indicates the source of the epithelium; wording to the 


right of virgule, source of the basement membrane. 


tValues are means + SEMs. 


recombinations (normal epithelium on 
normal stroma) was 19.5%. In recom- 
binations of diabetic epithelium on nor- 
mal stroma and of normal epithelium 
on diabetic stroma (pooled data from 
BBW and streptozocin; Figure), the 
percentage area of the basal cell mem- 
brane occupied by hemidesmosomes 
was significantly less (P<.01) than 
those of the control recombinations. 
No apparent differences in the ultra- 
structure of re-formed hemidesmo- 
somes were observed between the ex- 
perimental and intact control group. 


COMMENT 


The finding of decreased formation 
of hemidesmosomes by corneal epithe- 
lial cells on denuded basement mem- 
brane when either the stroma or the 
epithelium was derived from a diabetic 
animal suggests that the diabetic base- 
ment membrane may have altered 
sites for the formation of hemidesmo- 
somes, that these sites are not recog- 
nized by normal basal epithelial cells, 
and that the diabetic epithelial cells 
may have altered recognition of the 
sites for hemidesmosome formation on 
normal basement membrane. 

Alterations in the sites for the for- 
mation of hemidesmosomes in diabetes 
could be due to an altered biochemical 
composition of the extracellular matrix 
components involved in hemidesmo- 
some formation or to changes in the 
basement membrane surrounding the 
sites. The exact composition of the 
sites is not known. Recent work from 
our laboratory demonstrates a specific 
integrin a,8, heterodimer present in 
hemidesmosomes, but the extracellu- 
lar matrix ligand for the integrin is 
unknown.” 

We did not study the effect of insulin 
treatment on the diabetic recombina- 
tions. The streptozocin and BBW rats 
were kept hyperglycemic throughout 
the experiment. Therefore data from 
the two groups were pooled. Further- 
more, insulin treatment of the recom- 
binations in vitro requires longer cul- 
ture times which are not feasible given 
the short duration of consistent strati- 
fication of the epithelial sheets in cul- 
ture (a requirement of hemidesmo- 
some formation). 

It is unlikely that streptozocin toxic- 
ity could have contributed to our find- 
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ings, due to the fact that a greater 
reduction of hemidesmosome forma- 
tion was noted in the BBW rats (data 
not shown). We initially wanted to 
perform recombinations of diabetic 
epithelium and stroma, but we found it 
unnecessary because of the significant 
differences noted in the above 
experiments. 

One may speculate that hyperglyce- 
mia-induced nonenzymatic glycosyla- 
tion (characteristic of diabetes) of some 
of the basement membrane compo- 
nents of these sites may occur and may 
lead to changes in their association and 
with other components such as hep- 
aran sulfate proteoglycan, laminin, or 
the globular domain of type VII colla- 
gen. Other biochemical alterations 
may involve the basement membrane 
surrounding these sites. This may lead 
to either a higher proportion of base- 
ment membrane components besides 
the active sites (a dilution effect that 
reduces the number of active sites) or 
to masking of the active sites by inter- 
fering with their access to the cell. 
Such abnormal levels of extracellular 
matrix components have been re- 
ported” in other diabetic tissue such 
as the glomerular basement membrane 
and amniotic membrane (loss of hep- 
aran sulfate proteoglycan and in- 
creased levels of types VII, the an- 
choring fibril collagen.” 

Defective recognition of normal nu- 
cleation sites by diabetic cells may 
result from biochemical alterations of 
the extracellular matrix receptors on 
the basal surface of the epithelial cells. 
This lack of recognition of normal ex- 
tracellular matrix may induce resyn- 
thesis of the basement membrane 
which is frequently noted histologically 
in corneas of diabetic patients. Varia- 
tions in the substrate composition may 
induce differences in the expression of 
matrix proteins.” Sugrue and Hay” 
identified extracellular matrix recep- 
tors on the basal surface of embryonic 
corneal epithelial cells that regulate 
collagen synthesis. They showed that 
when epithelial cells are isolated free 
of the underlying extracellular matrix, 
their basal surfaces become irregular 
and form extracellular processes.” 
This is reversed in the presence of 
soluble extracellular matrix molecules 
that bind specifically to and flatten the 





basal epithelial cell surface. The cellu- 
lar interaction with the extracellular 
matrix further causes cytoskeleton re- 
organization, resulting in enhanced 
production of collagen by the cells.” A 
similar process of enhanced synthesis 
by glomerular cells was reported by 
Rohrbach et al” in diabetic kidneys. 
They noted a decrease in the sulfated 
proteoglycan content of diabetic glo- 
meruli which leads to a compensatory 
thickening of the lamina densa. Even 
though ultrastructural analysis of 
short-term diabetic corneas in the 
BBW and streptozocin rats does not 
show the long-term findings of base- 
ment membrane duplication, alter- 
ations of the epithelial-basement mem- 
brane interactions must precede the 
gradual thickening of the basal lamina. 
Accordingly, it can be hypothesized 
that duplication of the diabetic corneal 
basal lamina could be due to poor rec- 
ognition of the specific nucleation sites 
for hemidesmosome formation by the 
corneal epithelium which leads to ab- 
normal synthesis and layering of basal 
lamina. 
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From the Archives of the Archives 


A look at the past... 


Wren ophthalmology veers into the sphere of neurology, the complaint is “my sight is 
failing,” as Cushing stated in his syndrome on atrophy of the primary nerve and intracranial 
neurosurgical conditions. And, as he likewise stated, it is often the sole complaint. 

When every lead has been followed and every clue exhausted, there still remains a group of 
cases in which there is nothing but failure of vision and indefinite optic neuritis, the etiologic 
factor defying discovery. From this group one can isolate those cases in which there is a 
definite familial history and a regularly recurring syndrome of “rapid onset of blindness 
affecting both eyes to different degrees and not simultaneously, with central scotoma, slight 
if any concentric contraction and fleeting disk findings of a mild neuritis followed by 
secondary pallor.” This definitely outlined condition has been designated as Leber’s disease, 
since he first described it in 1871. Various authors have stretched this specific delineation to 
include secondary atrophies in which neurologic changes are associated, as Ferguson and 
Critchley, who sought to establish a relationship between Leber's disease and various 
heredofamilial ataxias, a relationship that Leber definitely excluded from the beginning. 


Source: Kuhn HS. Hereditary optic atrophy (Leber’s disease): a clinicosurgical study ofa 
case. Arch Ophthalmol. 1931;5:408. 
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Induction of Serous Retinal Detachment in Rabbit Eyes by 
Pigment Epithelial and Choriocapillary Injury 


Xiao-Ying Yao, MD, Michael F. Marmor, MD 


è Serous retinal detachments have 
been produced experimentally by oc- 
cluding the choroidal circulation. We 
sought a more realistic model by adjust- 
ing rose bengal photosensitization to in- 
jure the retinal pigment epithelium and 
choriocapillaris in rabbits without caus- 
ing vascular occlusion. We accom- 
plished this by either using low doses of 
rose bengal or cooling the animal to 
reduce ocular temperature by 4°C. De- 
tachments typically appeared within 
1 day after light exposure, centered over 
the area of light damage. Fluorescein 
angiography showed no capillary occlu- 
sion, but there was leakage of dye from 
areas of light damage. Light microscopy 
of light-damaged areas showed swelling 
or disruption of retinal pigment epithelial 
cells but a patent choriocapillaris. These 
data suggest that a combination of reti- 
nal pigment epithelial and choriocapil- 
lary damage may be necessary for se- 
rous detachment to occur. 

(Arch Ophthalmol. 1992;110:541-546) 


erous retinal detachments occur in a 

variety of chorioretinal disorders, 
ranging from severe inflammatory dis- 
ease (Harada’s disease) to ischemic 
(eclampsia and hypertension) and idio- 
pathic (central serous chorioretinop- 
athy) disorders. Experimental work 
over the last decade has shown that 
both passive physical forces’’ and ac- 
tive transport forces’’ normally move 
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fluid out of the subretinal space and 
into the choroid. For example, experi- 
mental damage of the retinal pigment 
epithelium (RPE) causes an enhanced 
egress of subretinal fluid, rather than 
the formation of serous detachment." 
It is of both physiological and clinical 
interest to understand the conditions 
that allow (or induce) serous fluid to 
accumulate under the retina and to 
persist. 

To our knowledge, there is no satis- 
factory model for the development of 
serous retinal detachments. Fluid can 
be injected experimentally into the 
subretinal space,“ but this gives no 
information about why fluid forms clin- 
ically. Multifocal detachments have 
been produced by long-term adminis- 
tration of adrenalin,’ but the cellular 
cause of these lesions is unknown. In 
previous experiments we were unsuc- 
cessful in producing serous detach- 
ments by damaging the RPE barrier 
(with mild laser burns or sodium io- 
date), reducing RPE transport (with 
metabolic inhibitors or cyclic adenosine 
monophosphate), and reducing the hy- 
drostatic gradient (by lowering intra- 
ocular pressure or tying off vortex 
veins)."' These experiments caused de- 
tachments only when there was an 
extreme degree of damage and compli- 
cating factors such as severe ischemia 
from vortex vein ligation. Serous de- 
tachment can be induced experimen- 
tally by choroidal ischemia from 
embolization of the choroid*’ or photo- 
sensitization with rose bengal.” How- 
ever, many clinical conditions with se- 
rous detachments do not show obvious 
choroidal vaseular occlusion, and isch- 


emia cannot be the direct cause of 
detachment since nonperfused capillar- 
ies are not a source of fluid. Such 
detachments must gain their fluid from 
vessels adjacent to the ischemic zone, 
and may also involve ischemic damage 
to the RPE barrier and/or transport 
system. 

In an effort to model serous detach- 
ment more effectively, we experi- 
mented with the production of mild (ie, 
nonthrombotic) choriocapillary injury. 
This report demonstrates that by ad- 
justing the dose of rose bengal photo- 
sensitizer and the degree of light expo- 
sure, serous retinal detachment can be 
induced in the rabbit without chorio- 
capillary occlusion. 


MATERIALS AND METHODS 


These experiments conform to the Asso- 
ciation for Research in Vision and Ophthal- 
mology Resolution on the Use of Animals in 
Research, and to the guidelines published 
by the National Institutes of Health, Be- 
thesda, Md.” All studies were performed 
on pigmented Dutch rabbits weighing about 
1.5 kg and anesthetized with xylazine hy- 
drochloride (8 mg/kg), acepromazine male- 
ate (1 mg/kg), and ketamine hydrochloride 
(100 mg/kg). Rose bengal was diluted in 
physiologic saline and filtered using a 
0.2-um pore size before intravenous injec- 
tion; the concentration was adjusted so that 
the desired doses would be injected in a 
volume of approximately 5 mL. 

Green argon laser burns (514 nm) were 
administered through a Goldmann contact 
lens. Test burns of 500 to 1000 um in 
diameter were adjusted in power until they 
were visible but only mildly gray. The laser 
power was then reduced until the burns 
were just invisible or faintly visible. Invisi- 
ble burns often became visible within hours 
after photocoagulation. 
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Fig 1.—Fluorescein angiograms taken 1 day after high-dose rose bengal injection and photosensitization 
with laser burns and diffuse illumination. Serous detachment was present overlying the areas of 
angiographic abnormality. Time after fluorescein injection was 7 seconds (left) and 55 seconds (right). 
Saye ME Ep tet 
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Fig 2.—Light microscopy of the retinal pigment epithelium and choroid from an eye similar to that 
illustrated in Fig 1. The retina was separated by serous detachment. Magnification bars at lower right 
represent 10 um. Left, Section taken from the region that appears ischemic in the fluorescein angiogram. 
Right, Section taken from the zone of fluorescein leakage surrounding the central area of ischemia. 


Fig 3.—Histologic appearance of laser burns that were clinically invisible at the time of application 
illustrates the preservation of choriocapillaris. The eyes were fixed 1 day after making the burns. 
Magnification bars at lower right represent 10 um. Left, A single burn (50 mW; 0.1 second; 1000 um) 
showing focal swelling and vacuolization of retinal pigment epithelial cells but patent capillaries. Right, A 
single burn (50 mW; 0.1 second; 500 um) showing thinning and fragmentation of retinal pigment epithelial 
cells, but patent underlying capillaries. 
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Fig 4.—Results of rose bengal photosensitization after cooling the eye by 4°C. Left, Fundus picture 
showing detachment 1 day after photosensitization. Right, Fluorescein angiogram (time, 10 seconds) of 
the same detachment showing diffuse leakage from the entire base. 


During laser photocoagulation, the retina 
was exposed to diffuse white light from the 
Zeiss slit-lamp delivery system for 30 to 90 
seconds. The irradiance at the focal point of 
the slit-lamp image was about 0.16 W/cm’. 
The retinal image through a Goldmann con- 
tact lens had approximately one third the 
area of the corneal image. Thus, the retinal 
irradiance was 0.48 W/cm’ or less (depend- 
ing on the amount of loss from reflection or 
scatter). In some experiments we tried to 
produce light damage with a Zeiss (Thorn- 
wood, NJ) OpMi 1 microscope. This instru- 
ment produced irradiance of about 0.025 
W/cm” at its image plane, and 0.075 W/cm? 
on the retina. 

To decrease eye temperature, rabbits 
were put on a bed of ice. To measure ocular 
temperatures, a slit was made in the con- 
junctiva and the thermocouple of a digital 
thermometer (Keithley Model 871, Omega 
Engineering, Stamford, Conn) was inserted 
behind the eye. The eye temperature was 
reduced by 4°C. 

For fluorescein angiography, 0.15 mL of 
10% fluorescein sodium (Alcon Laboratories 
Inc, Fort Worth, Tex) was injected intrave- 
nously. Angiograms were taken with a 
Zeiss fundus camera. Some eyes were put 
in fixative immediately after enucleation for 
1 hour at room temperature using 1% para- 
formaldehyde and 1.25% glutaraldehyde in 
cacodylate buffer with a pH of 7.4. The eyes 
were then cut open with a razor blade, and 
eye cups were fixed overnight at 4°C. The 
eye cups were postfixed with osmium te- 
troxide, dehydrated through a graded se- 
ries of ethanol, and embedded in epoxy 
resin. Sections of l-um thickness were 
stained with toluidine blue. 


RESULTS 


Wilson and colleagues” showed in 
the cat that xenon arc illumination of 
the retina after administration of 
10 mg/kg of rose bengal induced severe 
choroidal ischemia and serous detach- 
ment. We duplicated these results in 
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Fig 5.—Histologic finding of a detachment similar to that shown in Fig 4; the eye was enucleated 
1 day after photosensitization. The separation plane was in the subretinal space at the edge of 
the detachment, but there was fragmentation of the outer segments more centrally. There was 
diffuse retinal pigment epithelial damage underlying the detachment, but no choroidal thrombo- 


sis. Magnification bar represents 10 pm. 


the rabbit using doses of 50 to 
100 mg/kg and a combination of laser 
burns and 30 to 90 seconds of bright 
diffuse illumination from the slit-lamp 
delivery system. We obtained choroi- 
dal ischemia and large serous detach- 
ments in 15 of 17 eyes given a cluster 
of 10 laser burns that were just invisi- 
ble at the time of administration. Fluo- 
rescein angiography showed large ar- 
eas of ischemia (Fig 1) with leakage 
from the surrounding choriocapillaris, 
suggesting that either the background 
illumination or scatter from the laser 
light was responsible for the photosen- 
sitization. Light microscopy confirmed 


the presence of choroidal thrombosis in 
the ischemic area (Fig 2, left). There 
was diffuse RPE damage, but the cap- 
illaries were patent in the surrounding 
region of fluorescein leakage (Fig 2, 
right). 

Our goal, however, was the produc- 
tion of detachments without capillary 
destruction. We tried rose bengal 
alone, but found that it had no effect. 
We also found that invisible or just 
visible laser burns (and slit-lamp back- 
ground illumination) failed to induce 
detachment in the absence of rose ben- 
gal. Exposure to an operating micro- 
scopic light for 10 minutes also pro- 
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Fig 6.—Fluorescein angiograms made 1 day after low-dose (25 
mg/kg) injection of rose bengal and laser treatment. Serous detach- 
ment is present. Time after fluorescein injection was 2 seconds (top 
left), .41 seconds (top right), and 13 minutes 10 seconds (bottom). 
Fluorescein leaked from the laser sites immediately, and then diffused 
slowly into the overlying detachment. 





Fig 7.— Histologic finding in an eye similar to that illustrated in Fig 6, enucleated 1 day after photosensitiza- 
tion. The retina was separated by serous detachment. Magnification bars at lower right represent 10 um. 
Left, View of a laser burn that leaked on angiography. The choriocapillaris underlying the retinal pigment 
epithelial damage is damaged in some areas but patent in others. Right, View outside the area of laser 
burns. There was no visible retinal pigment epithelial damage and no choroidal thrombosis. 


duced no detachments. The laser burns 
failed, despite the fact that burns of 
these intensities produced RPE dam- 
age without choriocapillary closure 
(Fig 3). These burns typically stained 
with fluorescein, and leaked fluoresce- 
in if the retina was experimentally 
elevated (by an injection of fluid) over 
the burn site; however, they never 
caused retinal detachments to develop. 
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Cooling of tissue has been reported 
to reduce the degree of vascular 
thrombosis after rose bengal photosen- 
sitization.” Animals in which ocular 
temperature was reduced by 4°C were 
given the same doses of rose bengal (50 
to 100 mg/kg), and clusters of barely 
visible or just invisible laser burns 
(with background illumination from 
the slit lamp) were placed into the eye. 


We observed serous detachments in 12 
of 16 eyes on the following day (Fig 4, 
left). Fluorescein angiography showed 
no choriocapillary dropout, but the 
leakage came from the entire base of 
the detachments (Fig 4, right) rather 
than from the laser burn sites alone, 
suggesting that the major source of 
photosensitization was diffuse illumi- 
nation (from scatter and/or the slit- 
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lamp exposure during laser adminis- 
tration), rather than the laser burns 
themselves. Light microscopy showed 
diffuse damage to the RPE across the 
area of fluorescein leakage, but the 
choriocapillaris appeared intact (Fig 
5). We noted that the anatomic plane 
at which the retina separated from the 
RPE was in the subretinal space some- 
times, but between the inner and outer 
segments of the photoreceptors at oth- 
er times, indicating that the photore- 
ceptor-RPE bond was at times strong 
enough so that accumulating fluid frac- 
tured the photoreceptors in preference 
to producing the usual plane of separa- 
tion in the subretinal space. 

As an alternative to cooling to re- 
duce the effects of rose bengal sensiti- 
zation, we reduced the dose of rose 
bengal to 25 mg/kg. Clusters of 10 
barely visible or just invisible laser 
burns were then given (with the usual 
slit-lamp illumination). We observed 
serous detachments on the following 
day in eight of 14 eyes. However, the 
source of fluid in the experiments ap- 
peared to be the laser burn sites rather 
than the surrounding area that re- 
ceived diffuse illumination, since fluo- 
rescein angiography (Fig 6) showed 
that the dye leaked focally from the 
laser burns until it filled the detach- 
ments. Choriocapillary ischemia was 
visible in the core of some laser burns 
but not others that leaked equally vig- 
orously. Histologic examination of the 
weak laser burns in these experiments 
showed damage to the RPE and vari- 
able degrees of choriocapillary occlu- 
sion consistent with the angiographic 
appearance. There was no visible RPE 
or choriocapillary damage outside of 
the laser burns (Fig 7). 


COMMENT 


Our experiments confirm previous 
results demonstrating that RPE dam- 
age alone is not sufficient to cause 
serous retinal detachment,'’ and show 
that thrombosis of choroidal vessels in 
the rabbit can induce overlying serous 
detachments as it does in the cat.” Of 
greater importance, we were also suc- 
cessful in producing serous detach- 
ments in eyes in which there was no 
angiographic or histologic evidence of 
choriocapillary thrombosis. 

Our data suggest that choriocapil- 
lary injury in conjunction with RPE 
injury is necessary for serous retinal 
detachment formation. Retinal pig- 
ment epithelial injury alone over nor- 
mal choriocapillaris (eg, from weak la- 
ser burns or diffuse light) did not 
produce serous detachments, presum- 
ably because the normal capillaries do 
not leak fluid at a sufficient rate to 
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counter the hydrostatic intraocular 
pressure and the osmotic pressure of 
the choroid. On the other hand, it 
seems doubtful that choriocapillary in- 
jury alone (independent of secondary 
effects on the RPE) would be sufficient 
to produce detachment, since the fluid 
must cross the RPE, which normally 
forms a tight barrier. When barrier 
damage is present, however, the pres- 
sure head in the capillaries can force 
fluid through the RPE and under the 
retina, and protein accumulation as 
well as reduced RPE transport will 
conspire to retain fluid. A degree of 
capillary injury may facilitate such 
leakage, and endothelial damage is 
presumably present in our experi- 
ments as a result of the rose bengal 
photosensitization. Fluorescein angi- 
ography and light microscopy ruled out 
gross capillary thrombosis but would 
not show whether endothelial damage 
or permeability changes were present 
in the “patent” capillaries. Physical 
factors, such as hypotony or a weaken- 
ing of retinal adhesive force, may fur- 
ther facilitate or predispose to detach- 
ment (although modulating any one of 
these factors alone, as we have tried,’ 
is usually unsuccessful). 

We found that serous detachments 
developed less often after low-dose 
rose bengal and laser treatment in 
which fluorescein leakage came only 
from the laser burn sites than in the 
cooling experiments in which fluores- 
cein leaked diffusely over a broad area. 
This may simply reflect the volume of 
fluid entering the detachment through 
a small or large port, but it also sug- 
gests that a broad area of RPE and/or 
choriocapillary damage may be re- 
quired. Retinal pigment epithelial fluid 
transport can be very powerful, and 
normal RPE around a small leak of 
fluid might be expected to pump out 
the entering fluid and prevent forma- 
tion of a significant detachment. In- 
deed, diffuse dysfunction of RPE 
transport (whether from primary RPE 
or vascular abnormality) has been pos- 
tulated as a component of central se- 
rous chorioretinopathy in man." In 
cases in which the entire retinal de- 
tachment base leaked (cooling experi- 
ments), there was no ring of healthy 
RPE to counter the leakage. In the 
detachments with focal leaks (which 
seem to mimic the characteristics of 
clinical central serous chorioretinop- 
athy), we suspect that there was asso- 
ciated dysfunction of the surrounding 
RPE from subclinical light damage, 
which allowed the formation of retinal 
detachment. 

The primary diffuse light exposure 
in our experiments came from the slit 


lamp used for visualization during la- 
ser applications. The beam produced 
retinal irradiance of up to 0.48 W/cm’, 
which, according to the literature,” 
should not cause histologic damage 
from exposures as short as 30 to 
90 seconds. However, “subthreshold” 
exposures can produce blood-retinal 
barrier changes,” and the presence of 
rose bengal greatly magnifies the po- 
tential for photosensitization. At the 
higher rose bengal doses that we used, 
this degree of diffuse light exposure 
caused widespread choriocapillary clo- 
sure; it seems likely that at rose bengal 
doses just 50% to 75% lower, there 
was a degree of diffuse RPE and/or 
choriocapillary injury, even if there 
was no capillary thrombosis and the 
changes were invisible angio- 
graphically. 

The splitting of photoreceptors that 
occurred in some of the detachments 
produced by cooling may reflect en- 
hanced adhesion between outer seg- 
ments and RPE, which has been 
observed previously at low tempera- 
tures." The mechanism appears to 
involve, in part, a swelling of microvilli 
and outer segment tips as a result of 
sodium pump inhibition,” and this firm 
physical attachment might then cause 
accumulating fluid to find a new plane 
through rupture of the outer 
segments. 

Further work is needed to clarify 
the relative importance of RPE and 
choroidal abnormality in serous retinal 
detachment formation and persistence. 
It is difficult to isolate these factors 
since injury to the capillaries will alter 
overlying RPE, and this interdepen- 
dence may be relevant to why ischemia 
or capillary insult can cause exudation. 
For example, rose bengal photosensiti- 
zation could influence the direction of 
fluid movement by allowing greater 
flow out of injured capillaries (some- 
what puzzling since they are already 
fenestrated), by affecting membrane 
systems and transport in the capillar- 
ies, by altering their response to arte- 
riolar pressure (or perhaps by affect- 
ing the arterioles themselves), or by 
damaging the overlying RPE. To the 
extent that some of this abnormality 
relates specifically to the oxidative 
damage caused by photosensitization 
or to membrane changes secondary to 
oxidative damage, it is possible that 
some serous detachments may respond 
to the use of antioxidants or membrane 
receptor antagonists that are known to 
ameliorate ischemic damage in the 
retina. ”” 

In conclusion, these experiments 
provide a model of intrinsic serous 
leakage without capillary vascular de- 
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struction. We hope that this model will 
help to elucidate the mechanisms of 
nonrhegmatogenous retinal detach- 
ments in man, and to evaluate poten- 
tial therapeutic strategies. Further 
studies are needed, however, to clarify 
the pathophysiologic mechanisms and 
to determine whether the conditions 
for serous detachment are the same in 
species with retinal vasculature and 
RPE thickness that more closely re- 


„semble those in man. 
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Error in Table.—In the article “Trapezoidal Keratotomy for the Correction of 
Naturally Occurring Astigmatism,” published in the October 1991 issue of the 


ARCHIVES (1991;109:1374-1381), there was a typographical error in Table 7 on page 
1378. The mean surgically corrected astigmatism by 5 mm clear zone was printed as 
2.1 D; it should have been 2.7 D. 
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Activity of an Interleukin 1 Receptor Antagonist in 
Rabbit Models of Uveitis 


James T. Rosenbaum, MD, Richard S. Boney 


@ Interleukin 1 has been implicated in 
intraocular inflammation. The availability 
of a cloned, recombinant interleukin 1 
receptor antagonist has enabled us to 
test the role of interleukin 1 in specific 
models of uveitis in New Zealand white 
rabbits. Seventy-five micrograms of in- 
terleukin 1 receptor antagonist injected 
intravitreally resulted in a 97% reduction 
in aqueous humor cells present 6 hours 
after intravitreal injection of 10 ng of 
human interleukin 1 a. Disruption of the 
blood aqueous barrier was prevented by 
the receptor antagonist (mean+SD 
aqueous humor protein of 0.6 +0.1 g/L in 
rabbits treated with interleukin 1 receptor 
antagonist vs 32.2+9.9 g/L in controls). 
Lower doses of interleukin 1 produced 
more modest but significant inhibition. 
Despite the activity of interleukin 1 re- 
ceptor antagonist in inhibiting interleu- 
kin 1-induced inflammation, interleukin 1 
receptor antagonist did not produce sig- 
nificant reduction in inflammation subse- 
quent to an active Arthus reaction or 
subsequent to the intravitreal injection of 
125 ng of endotoxin. A potential explana- 
tion of these observations is that cyto- 
kines in addition to interleukin 1 may be 
present in sufficient quantities to pro- 
duce intraocular inflammation or that the 
effects of interleukin 1 may be primarily 
intracellular (intracrine) and therefore re- 
sistant to the activity of exogenously 
administered receptor antagonist. 

(Arch Ophthalmol. 1992;110:547-549) 
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nterleukin 1 (IL-1) a and B are re- 

lated peptides that have been 
strongly implicated in the process of 
inflammation.’’ Interleukin 1 acts as a 
chemoattractant for inflammatory 
cells’; it stimulates the synthesis of 
arachidonic acid metabolites, including 
prostaglandins’; it activates the vas- 
cular endothelium,’ which, in turn, 
plays an active role in inflammation’; 
and it directly alters vascular perme- 
ability. Interleukin 1 is detectable in 
ocular fluids.“ The intravitreal injec- 
tion of nanogram quantities of IL-1 in 
rabbits results in a highly reproducible 
acute anterior uveitis.’ Interleukin 1 is 
synthesized by a variety of ocular cells, 
including the retinal pigment epitheli- 
um,” the cornea," and Müller cells.” 

Recent studies have indicated that 
the activity of IL-1 is regulated by an 
endogenous peptide that competes 
with IL-1 for binding to a specific 
receptor.” The IL-1 receptor antago- 
nist ([L-lra) is synthesized by a vari- 
ety of cells, including macrophages. “” 
It has a molecular weight of approxi- 
mately 18 000 to 26 000 and is active in 
inhibiting effects of IL-1, including fe- 
ver in rabbits” and joint inflammation 
in animal models.” The successful clon- 
ing of IL-lra permitted us to test its 
activity in several rabbit models of 
anterior uveitis. 


ANIMALS AND METHODS 
Animals 


Male and female New Zealand white rab- 
bits (2 kg) were purchased from Western 
Oregon Rabbitry (Philomath, Ore) and 
housed at the animal care facilities of the 
Oregon Health Sciences University. Ani- 
mals were fed food and water ad libitum. 


Local ocular injections were performed af- 
ter application of topical proparacaine hy- 
drochloride. The animals were treated hu- 
manely according to guidelines published by 
the Association for Research in Vision and 
Ophthalmology. 


Models of Inflammation 


Anterior uveitis was induced by the local 
injection of human recombinant IL-1 a 
(Hoffmann-LaRoche, Nutley, NJ), as previ- 
ously described,’ by the local injection of 
Escherichia coli 055:B5 endotoxin (RIBI, 
Hamilton, Mont), or by an active Arthus 
reaction.” To induce an active Arthus reac- 
tion, animals were sensitized to human se- 
rum albumin by subcutaneous injection of 
25 mg of human serum albumin in complete 
Freund’ adjuvant using multiple sites over 
the dorsum of the neck and back. One 
month later, animals were injected intra- 
vitreally with 6.25 mg of human serum 
albumin. All intravitreal injections were di- 
rected toward the midvitreous with care 
being taken to avoid the lens. The total 
volume of material injected intravitreally 
never exceeded 50 uL. For each model, 
inflammation was induced bilaterally with 
the contralateral eye receiving carrier rath- 
er than IL-lra. The ra or its carrier was 
injected immediately following the inflam- 
matory stimulus, ie, IL-1, endotoxin, or 
human serum albumin. 


Quantitation of Inflammation 


Inflammation was quantitated by direct 
enumeration of cells in aqueous humor or 
measurement of protein in aqueous humor. 
The protein was quantitated by the binding 
of brilliant blue, as described by Bradford. 
Statistical comparisons were performed 
with a paired Student's t test. 


RESULTS 


To assess the potential activity of 
the IL-lra, rabbit eyes were injected 
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Fig 1.—Comparison of aqueous humor cell 
counts from eyes injected with 75 pg of the 
interleukin 1 receptor antagonist (IL-1ra) or 
the carrier protein only (controls). Eyes were 
injected bilaterally with IL-1. Four rabbits 
were studied. The differences between the 
treated rabbits and controls are highly signifi- 
cant by paired Student's t test (P<.01). 
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IL-1ra— 
Treated Rabbits 
Fig 4.—Comparison of aqueous humor pro- 
tein from eyes injected with the interleukin 1 
receptor antagonist (IL-1ra) or carrier protein 
only (controls). The study is identical to that 
depicted in Fig 3 except that protein levels 
rather than cells were compared. The differ- 
ences are not significant by paired Student's t 
test (P>.05). 


Controls 


intravitreally with IL-1 and the ra or 
carrier protein as a control. Aqueous 
humor was studied 6 hours later. As 
illustrated in Figs 1 and 2, the IL-lra 
had a profound effect on both the cellu- 
lar infiltration and vascular permeabil- 
ity induced by IL-1. Lower doses of 

` the IL-lra produced more modest but 
statistically significant inhibition of in- 
flammation. For example, 1 mg of 
IL-lra reduced cells significantly 
(mean+SD of 255+365 cells in con- 
trols vs 27+30 cells in treated eyes) 
but had only a modest effect on aque- 
ous humor protein (87.9+9.2 g/L in 
controls vs 31.5+13.6 g/L in IL-lra— 
treated eyes; n=6). 

Despite the activity of the IL-1ra for 
IL-l-induced inflammation, IL-lra 
was ineffective in reducing inflamma- 
tion secondary to an active Arthus 
reaction (Figs 3 and 4). Aqueous hu- 
mor was studied 6 hours after the 
injection of antigen (human serum al- 
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IL-1ra— 

Treated Rabbits 
Fig 2.—Comparison of aqueous humor pro- 
tein from eyes injected with the interleukin 1 
receptor antagonist (IL-1ra) or carrier protein 
only (controls). The study is identical to that 
depicted in Fig 1 except that protein levels 
rather than cells were compared. The differ- 
ences between treated rabbits and controls 
are highly significant by paired Student's t test 
(P<.01). 
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IL-1ra— 
Treated Rabbits 
Fig 5.—Comparison of aqueous humor cell 
counts from eyes injected with the interleukin 
1 receptor antagonist (IL-1ra) (75 pg every 
4 hours for a total of three doses) or carrier 
protein only (controls). Inflammation was in- 
duced bilaterally with an intravitreal injection 
of endotoxin. Three animals were studied. 
The differences are not significant by paired 
Student's t test (P>.05). 


Controls 


bumin) and 75 ug of IL-lra or carrier 
protein as control. This lack of benefit 
was apparent even though the amount 
of inflammation and ra injected as well 
as the time course for the study were 
all comparable with those in studies 
using IL-1 to induce ocular inflamma- 
tion. 

Finally, as shown in Figs 5 and 6, 
the IL-lra was also ineffective in inhib- 
iting inflammation induced by endotox- 
in, which is known to be a potent 
inducer of IL-1 synthesis.” Since endo- 
toxin-induced eye inflammation has a 
delayed onset compared with IL-1-in- 
duced inflammation, these studies 
were terminated 12 hours after the 
endotoxin injection. The quantity of 
endotoxin injected was chosen to pro- 
duce inflammation comparable in in- 
tensity with that induced by IL-1 or 
associated with the Arthus reaction. 
To compensate for the possibility that 
the IL-lra might be cleared or inacti- 
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IL-1ra- 
Treated Rabbits 
Fig 3.—Comparison of aqueous humor cell 
counts from eyes injected with 75 pg of the 
interleukin 1 receptor antagonist (|L-1ra) or 
carrier protein only (controls). Inflammation 
was induced bilaterally with an active Arthus 
reaction. Four animals were studied. The dif- 
ferences are not significant by paired Stu- 
dent's t test (P>.05). 
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IL-1ra— 
Treated Rabbits 
Fig 6.—Comparison of aqueous humor pro- 
tein levels from eyes injected with the inter- 
leukin 1 receptor antagonist (IL-1ra) or carrier 
protein only. The study is identical to that 
depicted in Fig 5 except that protein levels 
rather than cell counts were compared. The 
differences are not significant by paired Stu- 
dent's t test. 


Controls 


vated with time, the injection of the 
IL-lra was repeated every 4 hours 
(Figs 5 and 6). Additional studies were 
performed using 1 or 7.5 pg of ra, 
injecting 75 pg of the ra every 6 hours 
instead of every 4 hours, or continuing 
the study for 24 hours instead of for 
12 hours. None of these regimens re- 
sulted in any significant change in ei- 
ther of the measurements of inflamma- 
tion, despite the activity of even 1 pg 
of ra in the IL-1-induced inflammation 
studies. 


COMMENT 


Our results indicate that the IL-lra 
is dramatically effective in reducing 
IL-1-induced inflammation in the rab- 
bit eye. Despite its efficacy, the ra was 
ineffective in two other models of ante- 
rior uveitis, an active Arthus reaction, 
and endotoxin-induced inflammation. 
Parallel results have been reported in 
animal models of inflammation, ie, the 
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ra appears active in some but not all 
models. In particular, IL-lra has been 
reported to inhibit immune-complex- 
dependent colitis in rabbits,” collagen- 
induced arthritis in mice,” and early 
pleural inflammation induced by zymo- 
san in rabbits.” It failed, however, to 
inhibit arthritis secondary to methylat- 
ed bovine serum albumin” or delayed 
inflammation secondary to the intra- 
thoracic injection of zymosan.” The 
failure to inhibit endotoxin-induced in- 
flammation is especially perplexing 
since the ra successfully reduces mor- 
tality in rabbits exposed to high doses 
of endotoxin systemically,” and is 
also active in a model of lung inflamma- 
tion subsequent to intratracheal injec- 
tion of endotoxin.” 

The lack of benefit of the IL-lra 
could be accounted for by several hy- 
potheses. First, despite the putative 
role of IL-1 in inflammation in other 
organ systems, such as skin” and 
synovium, ' it is remotely possible that 
IL-1 is not a major mediator in anteri- 
or uveitis. One investigator has specifi- 
cally failed to detect IL-1 in aqueous 
humor in rabbits using two separate 
models of inflammation and a sensitive 
immunoassay (Robert Prendergast, 
MD, oral communication, April 27, 
1991). 

Second, the IL-lra may have been 
metabolized or cleared in the endotox- 
in and Arthus models. Although we 
cannot exclude this possibility, we pur- 
posefully studied models with a time 
course similar to that of IL-1-induced 
inflammation and repeated the injec- 
tion of IL-lra for the endotoxin stud- 
ies. Third, an Arthus reaction or endo- 
toxin injection might stimulate the 
synthesis of rabbit IL-1, which may 
have higher affinity for the receptor 
than the human IL-1 used to induce 
inflammation. Experimental studies on 
fever reduction do not support this 
hypothesis.” 

Fourth, some of the effects of endog- 
enously synthesized IL-1 may be intra- 
crine or intracellular, such that an 
exogenously administered ra would 
not be effective. The recent descrip- 
tion of an IL-lra that is primarily 
intracellular and not secreted as well 
as the lack of a leader sequence in IL-1 
itself suggests that intracellular IL-1 
may be critical in some biological sys- 
tems.” 

Finally, endotoxin or an Arthus re- 
action may trigger other pathways of 
inflammation such that IL-1 is impor- 
tant but not itself sufficient for the 
inflammatory process. Interleukin 6,” 
tumor necrosis factor a,” and/or IL-8,” 
for example, may subsume the activity 
of IL-1. Complement is certainly a 
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major mediator of immune complex-in- 
duced inflammation, ie, an Arthus re- 
action. However, the ability of the 
IL-lra to inhibit immune complex-in- 
duced colitis” and zymosan-induced 
pleuritis” suggests that IL-1 contrib- 
utes to complement-dependent inflam- 
mation. Zymosan is derived from yeast 
cell walls and is known to be a potent 
activator of the complement cascade. 

The IL-lra appears valuable in re- 
ducing IL-1-induced inflammation. It 
has theoretical utility in helping to 
define the relative contribution of IL-1 
in various models of inflammation. 
These rabbit studies, however, sug- 
gest that intracellular IL-1 and/or oth- 
er cytokines may limit the activity of 
the IL-1ra in the control of intraocular 
inflammation. 


The recombinant human interleukin 1 receptor 
antagonist was provided by Synergen, Boulder, 
Colo. 
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Ocular Pharmacokinetics of Saperconazole in Rabbits 


A Potential Agent Against Keratomycoses 


Denis M. O’Day, MD; W. Steven Head; Richard D. Robinson; Trilby E. Williams; Robert Wolff, MD 


è The ocular pharmacokinetics of sa- 
perconazole, an experimental lipophilic 
triazole with activity against filamentous 
fungi, including Aspergillus and Candida 
species, were evaluated in rabbits by 
tadioassay. The drug was administered 
by topical, subconjunctival, and oral 
routes. Following a single 20-uL drop of 
0.25% saperconazole in normal corneas, 
a mean (+SEM) peak level of 2.32 + 0.06 
ug/g was achieved in 10 minutes. In 
débrided corneas, a peak level of 
13.09 + 2.87 pg/g was achieved in 2 min- 
utes. The drug was rapidly cleared from 
the cornea within 2 hours. The adminis- 
tration of 13 drops during 1 hour resulted 
in a threefold increase in normal corneal 
levels and in a sixfold increase in débrid- 
ed cornea levels. Peak levels following 
subconjunctival injection in normal cor- 
neas (12.91+2.02 ug/g) were approxi- 
mately twofold greater than those follow- 
ing sustained topical administration 
(6.19+0.16 pg/g) and, in débrided cor- 
neas, were a third higher than those 
following topical therapy in débrided cor- 
neas. Clearance was virtually complete 
by 8 hours. Levels following oral admin- 
istration were low and probably subther- 
apeutic in all ocular tissues that were 
evaluated. Bioassay studies revealed 
that 44.17% of the drug in the cornea 
following topical administration was 
bioactive. 

(Arch Ophthalmol. 1992;110:550-554) 
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Q aperconazole is an experimental li- 

pophilic triazole antifungal agent 
that is highly effective against Asper- 
gillus species in vitro, as well as 
against Candida albicans.” It has also 
been shown to be active in nonocular 
tissues following oral or parenteral ad- 
ministration against Aspergillus spe- 
cies infections.” In view of the potential 
of saperconazole as an agent for the 
treatment of infections with Aspergil- 
lus species and other fungi, this study 
was undertaken to explore its distribu- 
tion in various ocular tissues following 


topical, subconjunctival, or oral 
administration. 
MATERIALS AND METHODS 


Animals 


Dutch-belted rabbits (weight range, 1.5 
to 2.5 kg) were used in these experiments. 
Our use of animals adhered to the Associa- 
tion for Research in Vision and Ophthalmol- 
ogy resolution on the use of animals in 
research, 


Drug 


A preparation of 10 mg/mL of sapercona- 
zole in hydroxypropyl-B-cyclodextrin was 
used for oral administration. Studies of 
topical and subconjunctival administration 
were performed with tritiated sapercona- 
zole in hydroxypropyl-B-cyclodextrin (pre- 
pared by Janssen Pharmaceutica, Beerse, 
Belgium) at an activity of 93.14 »Ci/mg. 
This preparation was diluted 1:100 with a 
nonradioactive saperconazole solution to a 
final tritiated activity of 0.9314 »Ci/mg and 
a final saperconazole concentration of 
2.5 mg/mL. 


Drug Assay 


Radioassay.—Following topical or sub- 
conjunctival administration, saperconazole 


levels were estimated by measuring tritiat- 
ed levels in corneal stroma, corneal epitheli- 
um, and aqueous humor. The animals were 
killed with intravenous injection with T-61 
euthanasia fluid (Taylor Pharmacal, Deca- 
tur, Ill). Tissues were removed, and the 
weight or volume was determined for each 
sample. All samples were digested in a 
tissue solubilizer (Soluene 350, Packard In- 
strument Co, Downers Grove, Ill). After 
digestion, 10 mL of scintillation fluid (Du 
Pont Formula 989, NEN Research Prod- 
ucts, Boston, Mass) was added. Scintilla- 
tion-grade suspension stabilizer (Cab-O-sil, 
Kodak, Rochester, NY) was also added to 
prevent pooling of the tritiated sample at 
the bottom of the scintillation vials. To 
estimate saperconazole levels in each tis- 
sue, the counts that were obtained from 
samples were compared with counts from 
dilutions of tritiated saperconazole standard 
that was prepared in the same fashion. 

High-performance Liquid Chromatog- 
raphy (HPLC) Assay.—For experiments 
that involved oral administration of saper- 
conazole, following drug administration, the 
rabbits were anesthetized, and blood sam- 
ples were obtained by cardiac puncture. 
Rabbits were then killed with intravenous 
T-61 euthanasia fluid; the eyes were enucle- 
ated and then dissected. Cornea, aqueous 
humor, iris, lens, ciliary body, choroid/re- 
tina, and vitreous humor were separated, 
and the weight or volume of each tissue was 
determined. Serum was separated from the 
blood, and all samples were frozen to 
—70°C. Samples were then shipped on dry 
ice to the manufacturer (Janssen Pharma- 
ceutica) for assay. Tissue levels were deter- 
mined by HPLC." 

Bioassay.—Corneas were cut into small 
pieces, weighed, and suspended in 19 times 
their weight in sterile distilled water. Each 
sample was then homogenized by grinding 
with a tissue grinder (Tissumizer, Tekmar, 
Cincinnati, Ohio). Aliquots of 90 pL were 
removed immediately after grinding and 
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added to 90 uL of double-strength casein- 
yeast extract-glucose medium in a micro- 
titer plate. Eleven serial twofold dilutions 
of each sample were made in single- 
strength casein-yeast extract-glucose me- 
dium. Duplicate rows of each sample were 
prepared. 

Duplicate rows of standards that con- 
tained from 10 to 0.01 mg/L of sapercona- 
zole in casein-yeast extract-glucose medi- 
um were prepared on each plate. The last 
wells in both rows of standards contained 
only casein-yeast extract-glucose medium 
and were used as drug-free controls. All 
wells were inoculated with 10 uL of a 
Candida parapsilosis suspension, strain 
VE-56. This was prepared as a 1:10 dilution 
of a suspension that measured 95% trans- 
mission at 550 nm, made from overnight 
cultures on Sabouraud’s agar. The plates 
were sealed and incubated at 32°C for 24 
hours at 100% relative humidity. 


Experimental Design 


Topical Administration. —Single-Dose 
Experiment.—One 20-uL drop of 0.25% tri- 
tiated saperconazole was placed on the su- 
perior aspect of the cornea of both eyes of 
Dutch-belted rabbits. At the time that the 
rabbits were killed or 5 minutes after the 
last drop, the ocular surface was irrigated 
to remove residual drug. Rabbits were 
killed at 2, 10, 30, 60, or 120 minutes 
following drug administration. Four rabbits 
were used for each dosage and time period 
(n=4). With the use of a surgical knife (No. 
15 Bard-Parker blade), the corneal epitheli- 
um was removed from the corneas with an 
intact epithelium and placed in a scintilla- 
tion vial and weighed. The aqueous humor 
was removed with a 27-gauge needle that 
was attached to a 1-mL syringe, and a 100- 
uL aliquot was placed in a scintillation vial. 
All corneas were removed at the limbus, 
rinsed thoroughly with normal saline solu- 
tion, and placed in preweighed scintillation 
vials, and their weights were determined. 
All tissues were assayed for tritium in a 


scintillation counter (Beckman LS230, 
Beckman Instruments Inc, Fullerton, 
Calif). 


Multiple-Dose Experiment.—For topical 
administration, the same method was used 
in the multiple-dose experiments as in the 
single-dose experiments, except that a 20- 
uL drop was administered every 5 minutes 
for 1 hour (total of 13 drops), and the 
animals were killed at 10, 30, and 60 min- 
utes after the last drop. 

Subconjunctival Administration. — 
With the rabbits under local anesthesia, the 
corneal epithelium was removed with a 
Kimura spatula from both eyes of half of the 
rabbits. A 300-~L injection that contained 
750 yg of tritiated saperconazole was given 
subconjunctivally, anterior to the superior 
rectus muscle, bilaterally to all of the rab- 
bits. Animals were observed closely for 
evidence of leakage from the injection site. 
At intervals of 0.5, 2, 4, and 8 hours 
following injection, groups of four animals 
with an intact corneal epithelium and a 
group of four animals with débrided corneas 
were killed with T-61 euthanasia fluid. The 
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Table1.—Levels Following One 20-uL Drop of 0.25% Tritiated Saperconazole in 
Normal Rabbits (n=4)* 


Level, Mean+SEM 
eS 
Cornea, 

ug/gt 


Time, Stroma, 


min ug/g ug/g 


Epithelium, 


Aqueous Humor, 
mg/L 





Normal rabbits 
2 0.69+0.19 


38.84 + 11.44 


1.58+0.10 0.028 + 0.013 





10 1.26 + 0.08 


14.99 +0.81 


2.32 +0.06 0.049 + 0.016 





30 1.21+0.15 


18.06 + 2.83 


1.90+0.26 0.040 + 0.007 





60 0.84+0.15 


7.03 + 1.51 


1.19+0.24 0.055 + 0.015 





120 0.44+0.13 


3.10+0.08 


0.64+0.13 0.023 + 0.014 





AUC} 
0-120 102.34 + 16.47 


* AUC indicates area under the curve. 
tCombined levels in stroma and epithelium. 





1264.91 + 209.64 


160.63 + 22.54 4.99 +1.56 





Units of measure for AUC values are given as microgram-minutes per gram or milliliter. 


aqueous humor was obtained as described 
above, and the corneas were excised at the 
limbus. A central 7-mm disc was excised 
from the cornea with a trephine. Sapercona- 
zole levels in all specimens were then esti- 
mated as previously described. 

Systemic Administration. — Single-Dose 
Studies. —Rabbits were administered a sin- 
gle oral 10-mg/kg dose of a solution of 
10 mg/mL of saperconazole in cyclodextrin. 
The drug was supplemented with saccharin 
sodium (150 mg/mL) so that the rabbits 
would willingly swallow the drug. At inter- 
vals of 1, 4, 8, and 24 hours following drug 
administration, the animals were anesthe- 
tized with intramuscular ketamine hydro- 
chloride and xylazine hydrochloride. Blood 
samples were removed by cardiocentesis, 
and the serum was separated and frozen at 
—70°C. The animals were then killed with 
T-61 euthanasia fluid, and the eyes were 
removed and dissected into separate com- 
ponents as described. Wet sample weights 
were determined, and all tissues were fro- 
zen to —70°C and transported on dry ice to 
the manufacturer (Janssen Pharmaceutica) 
for estimation of drug levels by HPLC. 
There were four rabbits in each group 
(n=4). 

Multiple-Dose Studies.—To study the ef- 
fect of repeated administration, an oral dose 
of 10 mg/kg was administered every 12 
hours for a total of 2, 5, or 10 doses. 
Twenty-four hours after the last dose, blood 
and tissue samples were obtained as de- 
scribed above. There were four animals 
(n=4) in each group. 


Estimation of Biological Activity 
in the Cornea 


To measure the level of biological activity 
of saperconazole in the cornea, the following 
experiment was performed. The corneal 
epithelium was removed from both corneas 
of eight rabbits. One 20-uL drop of 0.25% 
saperconazole was administered every 5 
minutes for 1 hour (total of 13 drops). At 5 
minutes after the last drop was given, all 
eyes were irrigated to remove residual 
drug. At 30 minutes after the last drop was 
given, the rabbits were killed, their corneas 
were excised at the limbus, and sapercona- 
zole levels were measured by bioassay. 


Table 2.—Levels Following One 
20-uL Drop of 0.25% Tritiated 
Saperconazole in Rabbits Débrided 
of Corneal Epithelium* 


Level, Mean + SEM 
-_??:>:°—0whO 
Corneal Aqueous 
Time, Stroma, Humor, 
min ug/g mg/L 
Rabbits 
débrided of corneal 
epithelium 
2 13.09 + 2.78 
10 11.97+1.95 
30 6.89 + 0.76 
4.46+0.98 
120 0.45+0.05 
AUCt 
0-120 619.48+110.30 70.34+13.81 


* AUC indicates area under the curve. 
TUnits of measure for AUC values are given as 
microgram-minutes per gram or milliliter. 


0.120 + 0.020 
0.660 + 0.190 
0.560 + 0.070 
0.920 + 0.180 
0.170 + 0.040 














RESULTS 
Topical Administration 


The levels of saperconazole in the 
cornea peaked at 10 minutes following 
a single 20-uL drop to eyes with an 
intact epithelium at 2.32+0.06 pg/g 
(mean+SEM). At 120 minutes, the 
level had fallen to 0.64+0.13 ug/g (Ta- 
ble 1). In débrided corneas, a peak 
level of 13.09+2.78 ug/g was reached 
at 2 minutes with rapid clearance dur- 
ing the next 2 hours (Table 2). Aque- 
ous humor levels in rabbits with an 
intact corneal epithelium following a 
single 20-uL drop of 0.25% sapercona- 
zole remained low during the 2-hour 
period of observation (Table 1), but 
removal of the corneal epithelium was 
associated with a 14-fold increase in 
the presence of the drug in the aque- 
ous humor as measured by the area 
under the curve T, to T». When triti- 
ated saperconazole was administered 
to corneas with an intact epithelium at 
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Table 3.—Levels Following One 20-uL Drop or 0.25% Tritiated Saperconazole 
Every 5 Minutes for 1 Hour (Total, 13 Drops) in Normal Rabbits * 


Level, Mean + SEM 


























Time, Stroma, Epithelium, Cornea, Aqueous Humor, 
min ug/g ug/g „gigt mg/L 
Normal rabbits 
70 4.41 +0.09 54.37 +7.06 6.19+0.16 0.122 + 0.026 
90 3.20 +0.21 27.50 +3.06 4.80 + 0.39 0.240 + 0.080 
120 2.36 +0.13 16.77 +0.66 3.27 +0.14 0.012 + 0.003 
AUC} 
0-120 313.85+ 11.25 3385.70 + 404.10 447.60 + 19.05 11.67 +3.22 





* AUC indicates area under the curve. 
tCombined levels in stroma and epithelium. 
Units of measure for AUC values are given as microgram-minutes per gram or milliliter. 


Table 5.—Percent Distribution of 
Saperconazole in the Normal Cornea 
Following Topical Administration 


Table 4.—Levels Following One 
20-uL Drop of 0.25% Tritiated 
Saperconazole Given Every 5 
Minutes for 1 Hour (Total, 13 
Drops) in Rabbits Débrided of Time. 

Corneal Epithelium* min Stroma Epithelium 


One 20-yL Drop of 0.25% Tritiated 
Saperconazole 


% 





Level, Mean + SEM 
—a———— 
Corneal Aqueous 
Time, Stroma, Humor, 
min ug/g mg/L 
Rabbits 
débrided 
of corneal 
epithelium 
70 76.24 + 15.66 
90 35.51+4.98 
120 11.03 + 0.86 


AUCT 
0-120 4484.0+84.21 247.05+28.95 


* AUC indicates area under the curve. 
+Units of measure for AUC values are given as 
microgram-minutes per gram or milliliter. 


47.4 
49.8 
38.3 
33.9 
33.8 


One 20-uL Drop of 0.25% Tritiated 
Saperconazole Every 5 min for 1 h 
(Total, 13 Drops) 








3.99 + 0.370 
1.89+0.240 
1.35 +0.420 





30.9 
37.5 
32.5 

























h 


Table 6 —Levels Following a Subconjunctival Injection of 300 uL of 0.25% 
Triiated Saperconazole ; 7 i 


‘Normal Rabbits and Rabbits With Débrided Corneas* 


Level, Mean + SEM 





































Time, Central-mm Disc, Peripheral Rim, Whole Cornea, Aqueous Humor, 
min ug/g ug/g ug/gt mg/L 
Normal rabbits 
30 5.71+0.66 8.34+ 0.63 7.83 + 0.54 0.96+0.91 
120 13.29+2.75 12.68+ 1.63 12.91+2.02 0.25 + 0.07 
240 10.04 +3.27 8.41 +2.98 8.95 +3.05 0.55 + 0:04 
480 0.92 +0.13 0.61 +0.05 0.72 +0.04 .035 + 0.01 | 
AUCt 
0-480 3655.65+933.0 3418.8+751.4 3522.75 + 798.3 87.05 + 70.35 
Rabbits with 














débrided 
corneas 

30 104.26 + 28.80 89.28 +4.25 94.28+7.11 3.09 + 1:29 
120 65.03 + 11.82 71.75+ 10.04 69.97 + 10.70 2.37 + 0:34 _ 
240 11.33 +2.63 12.59+2.81 11.80 +2.84 2.78 + 0.53 
480 0.10 +0.06 0.19 +0.09 0.11 +0.07 0.065 + 0:028 

AUC} 

0-480 15156.75+3449.7 15179.55+1825.8 15140.85 + 2069.7 942.45 +211.86 





* AUC indicates area under the curve. 
+Combined levels in stroma and epithelium. 
+Units of measure for AUC values are given as microgram-minutes per gram or milliliter. 
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a rate of 13 drops in 1 hour, the level of 
saperconazole in the cornea ranged 
from a peak level of 6.19+0.16 ug/g at 
10 minutes after the last drop to 
3.27+0.14 ug/g at 1 hour (Table 3). 
There was a 10-fold decrease in aque- 
ous humor levels during the same time 
period (0.12+0.02 mg/L after 10 min- 
utes to 0.01+0.003 mg/L after 1 hour). 
In débrided corneas, the peak level 
was 76.24+15.66 pg/g for sapercona- 
zole at 10 minutes after the last drop 
was administered. After 1 hour, the 
level had fallen to 11.083+0.86 pg/g. 
Removal of the corneal epithelium was 
associated with a 21-fold increase in 
the area under the curve T, to T,» for 
aqueous humor (Tables 3 and 4). 

Following the administration of one 
20-uL drop of tritiated saperconazole 
to corneas with an intact epithelium, 
approximately half of the total drug in 
the cornea was found in the epithelium 
at 10 minutes. Subsequently, there 
was a gradual shift so that at 60 min- 
utes, two thirds of the total drug that 
remained in the cornea was found in 
the corneal stroma. A similar effect 
was seen with the multiple-dose ex- 
periment (Table 5). 


Subconjunctival Injection 


Cornea.—Gross leakage from the 
injection site was not seen in any of the 
rabbits. At 30 minutes following sub- 
conjunctival injection, whole débrided 
corneas contained 94.28+7.11 pg/g 
(mean+SEM) of saperconazole. The 
concentration was 104.62 + 28.8 ug/g in 
the central 7-mm disc and 89.28 + 4.25 
ug/g in the corneal rim. Drug concen- 
tration in the whole cornea fell rapidly 
to 11.8+2.84 ug/g at 4 hours after 
injection and to 0.11+0.07 ug/g at 8 
hours. Concentrations of the drug in 
the central and peripheral parts of the 
cornea were similar at all time points 
(Table 6). 

In rabbits with an intact corneal 
epithelium, the concentration of the 
drug in the whole cornea was 
7.83+0.54 ug/g at 30 minutes follow- 
ing subconjunctival injection. Howev- 
er, in contrast to débrided corneas, the 
concentration in the corneal rim 
(8.34+0.63 pg/g) was significantly 
higher than in the central part of the 
cornea (5.71+0.66, P=.0271). At 2 
hours, levels in the central and periph- 
eral parts of the cornea were similar, 
with the total corneal concentration 
reaching a peak level of 12.91+2.02 
ug/g. This level fell to 8.95 +3.05 ug/g 
at 4 hours following injection and to 
0.72+0.04 pg/g at 8 hours (Table 6). 
During the 8-hour period, the area 
under the curve for débrided corneas 
was more than four times that mea- 
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Table 7.—Ocular Tissue Levels Following a Single Oral Dose of 10 mg/kg of Saperconazole in Rabbits (n=4)* 


Level, Mean+SEM 


Vitreous 
Humor, 
mg/L 
<0.01 
0.01 +0.001 
0.01 + 0.004 


Serum, 
mg/L 
0.74+0.11 
1.20+0.16 
0.31 +0.07 
0.01 + 0.002 


Lens, Choroid/Retina, 
ug/g ug/g ug/g ug/g 
1.32+0.32 1.27+0.22 0.02 + 0.004 0.58 + 0.08 
1.08+0.20 1.05+0.19 <0.01 0.71+0.14 
0.89+0.14 0.97+0.18 0.02 + 0.005 0.38 + 0.09 
0.27 + 0.06 0.32+0.07 0.01 + 0.002 0.11 +0.03 


*Levels were nondetectable for aqueous humor at 1, 4, 8, and 24 hours. 


Iris, Ciliary Body, 

















ne “Table 8.—Ocular Tissya Levels at 24 Hours Following Multiple Oral Doses of 10 markg of Sape 
= Hours in Rabbits (n=4)* : 


Level, Mean+SEM 


Vitreous 
Humor, 
mg/L 
<0.01 
<0.01 
<0.01 
<0.01 


Choroid/Retina, 
Lens, «g/g ug/g 
0.01 + 0.002 0.11 +0.03 
0.04 + 0.01 0.22 + 0.06 
0.09 + 0.01 0.46 + 0.09 
0.10+0.01 0.19+0.03 


Iris, Ciliary Body, 
ug/g ug/g 





0.01 + 0.002 
0.06 + 0.02 
0.05 + 0.01 
0.07 + 0.03 


0.27 + 0.06 
1.06 +0.22 
1.96 + 0.31 
2.15+0.13 


0.32 + 0.07 
1.14+0.21 
2.07+0.25 
1.76+0.11 

















*Levels were nondetectable for aqueous humor with 1, 2, 5, and 10 doses. 


sured in corneas with an intact conazole was present. The level fell to at 0.07 mg/L at 24 hours after 10 doses 
epithelium. 0.32+0.07 ug/g at 24 hours. At 24 (Tables 7 and 8). 
Aqueous Humor.—Peak levels hours following 10 doses, the concen- 


were reached in the aqueous humor at 
30 minutes after subconjunctival injec- 
tion in both groups of rabbits (Table 6). 
In rabbits with débrided corneas, the 
aqueous humor level fell to 0.07+0.03 
mg/L at 8 hours after injection. In 
rabbits with an intact corneal epitheli- 
um, the level rapidly fell to 0.25+0.07 
mg/L at 2 hours after injection. At 
8 hours, the level had fallen to 
0.035 mg/L. 


Systemic Administration 


Cornea, aqueous humor, iris, lens, 
ciliary body, vitreous humor, choroid/ 
retina, and serum were assayed for 
saperconazole at 1, 4, 8, and 24 hours 
after a single oral dose of 10 mg/kg and 
at 24 hours (Table 7) after 2, 5, and 10 
doses of 10 mg/kg given every 12 hours 
(Table 8). 

Iris.—At 1 hour following a single 
dose, iris levels peaked at 1.32+0.32 
ug/g (mean+SEM). At 24 hours, the 
levels had fallen to 0.27 pg/g. With 
repeated dosing, there was a steady 
rise in iris levels. Thus, at 24 hours 
after two doses, the level was 
1.06+0.22 mg/g, rising to 1.96 +0.31 
ug/g at 24 hours after five doses. At 24 
hours after 10 doses, the level had 
risen to 2.15+0.13 ug/g (Tables 7 and 
8). 

Ciliary Body.—Saperconazole lev- 
els in the ciliary body mimicked those 
found in the iris. At 1 hour following a 
single dose, 1.27+0.22 ug/g of saper- 
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tration was 1.76+0.11 ug/g (Tables 7 
and 8). 

Lens.—Following a single dose of 
saperconazole, levels in the lens never 
rose above 0.02 pg/g. With multiple 
dosing, there was a slight accumula- 
tion in the lens (Tables 7 and 8). 

Choroid/Retina.—At 1 hour follow- 
ing a single oral dose of saperconazole, 
the level in the choroid/retina was 
0.58+0.8 ug/g. This rose slightly to 
0.71 pg/g after 4 hours before falling to 
0.11+0.03 ug/g after 24 hours. At 24 
hours after two doses, the level was 
twice that following a single dose 
(0.22+0.06 ug/g) At 24 hours after 
five doses, the level had risen to 
0.46 + 0.09 ug/g (Tables 7 and 8). 

Vitreous Humor.—The level of the 
drug in the vitreous humor was reli- 
ably detectable but never exceeded 
0.01 mg/L (Tables 7 and 8). 

Cornea.—Corneal tissue was not 
suitable for HPLC assay. 

Aqueous Humor.—There was no 
saperconazole detectable in the aque- 
ous humor by HPLC. The sensitivity 
of this assay for saperconazole in aque- 
ous humor is 0.01 mg/L. 

Serum.—Serum levels of sapercona- 
zole were 0.744+0.11 mg/L at 1 hour 
after drug administration and peaked 
after 4 hours at 1.20+0.16 mg/L. At 24 
hours after a single dose, the level had 
fallen to 0.01 mg/L. At 24 hours after 
two doses, the level of saperconazole 
was 0.06 +0.02 mg/L, and it was stable 


Bioactivity of Saperconazole 
in the Cornea 


Following administration of topical 
saperconazole to débrided corneas, 
levels of saperconazole in the cornea 
were measured by bioassay. At 30 
minutes after the last drop was given, 
there was a mean of 15.68+1.39 pg/g 
of saperconazole in the cornea that was 
biologically active. When this was com- 
pared with levels estimated by ra- 
dioassay (Table 4), 44.17% of the total 
drug in the cornea appeared to be 
biologically active in Dutch-belted 
rabbits. 


COMMENT 


The development of effective thera- 
py for oculomycoses has been painstak- 
ingly slow. In the main, antifungal 
agents for ophthalmic use have been 
modified from existing systemic prepa- 
rations. Almost uniformly, the phar- 
macokinetics have been poor, and the 
efficacy has been difficult to deter- 
mine.’ To date, natamycin (Natacyn) is 
the only preparation that is specifically 
designed for ophthalmic use. 

The triazoles are a new generation of 
agents with improved pharmacokinetic 
profiles compared with those of the 
imidazoles."” They appear to offer the 
possibility of enhanced antifungal effi- 
cacy. Saperconazole is a lipophilic tria- 
zole. Its activity in vitro, and in limited 
animal studies, suggests a potential for 
use in the therapy for oculomycoses, 
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particularly those caused by Aspergil- 
lus fumigatus and C albicans.'*”° 

Saperconazole, like most azole com- 
pounds, is poorly soluble in water. 
Previous vehicles for azoles have in- 
cluded polyethylene glycols and poly- 
ethoxylated castor oil (Cremaphor, 
Janssen Pharmaceutica). The prepara- 
tions that were used in these studies 
were formulated in hydroxypropyl-f- 
cyclodextrin. Hydroxypropyl-B-cyclo- 
dextrin has unique properties that en- 
hance the solubility of lipophilic 
drugs.""” Cyclodextrins are cyclic 
oligomers of glucose in which the inte- 
rior of the circle of glucose units forms 
a nonpolar cavity. When an inclusion 
complex is formed with a lipophilic 
drug, the solubilized lipophil is partial- 
ly inserted into that cavity.” The par- 
ent compound, ie, B-cyclodextrin, is 
toxic to mammalian tissue; however, 
the hydroxypropyl derivative appears 
to be relatively nontoxic.” Our own 
observations (D.M.O., unpublished 
data, 1991) suggest that the hydroxy- 
propyl-8-cyclodextrin used in these 
studies is nontoxic to rabbits when 
administered subconjunctivally, as 
well as topically. However, a formal 
evaluation of ocular toxicity is essen- 
tial before this compound can be con- 
sidered for use as an ophthalmic vehi- 
cle in humans. 

The corneal epithelium is a substan- 
tial barrier to penetration of sapercon- 
azole following topical administration, 
but in débrided cornea, high corneal 
levels are achieved rapidly, particular- 
ly with a loading-dose approach. How- 
ever, corneal transit time was quite 
rapid. The high levels achieved by 
subconjunctival injection in rabbits 
with débrided corneas, in contrast to 
the modest levels when the epithelium 
was intact, suggest that the principal 
route of entry is via the tear film; such 
results must be interpreted with cau- 
tion in rabbits, due to the tendency of 
direct leakage from the injection site.” 
Our technique is designed to minimize 
leakage,” and animals were observed 
closely after injection. Even in these 
animals, drug concentrations had fall- 
en to subtherapeutic levels within 8 
hours. Thus, subconjunctival injection 
does not appear to be practical, except 
as a temporary adjuvant to topical 
therapy. 

The administration of oral sapercon- 
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azole to rabbits did not achieve levels 
that were likely to be therapeutic in 
any ocular tissues. This finding is in 
marked contrast to the experience 
with fluconazole.” 

Levels measured in this study by 
radioassay or HPLC represented total 
drug concentrations. When corneal 
levels measured by radioassay were 
compared with those measured by bio- 
assay, the amount of bioactive drug 
was approximately 44% of the total. 
While this figure must be regarded as 
approximate, because the method of 
estimation was indirect, the binding of 
saperconazole appears to be intermedi- 
ate between itraconazole and flucona- 
zole.** 

The potential for the use of saper- 
conazole in the treatment of Aspergil- 
lus species infections is important. As- 
pergillus species are a major cause of 
keratomycosis worldwide.” Currently, 
there are no agents that are specifical- 
ly active against such infections, al- 
though amphotericin B and natamycin 
are recommended." Natamycin is 
not generally available in the develop- 
ing world where the infection is most 
prevalent. Saperconazole is also poten- 
tially efficacious against other fungi, 
but in vivo efficacy in keratomycosis 
has so far been reported only for C 
albicans infection.” The results of the 
present study suggest that sapercona- 
zole penetrates the cornea in concen- 
trations that are likely to be efficacious 
against susceptible organisms when 
used by the topical route. A definitive 
evaluation of its therapeutic efficacy 
must await further animal and human 
studies. 
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Photodynamic Therapy of Experimental Subchoroidal 
Melanoma Using Chloroaluminum Sulfonated Phthalocyanine 


Serdar A. Ozler, MD; J. Stuart Nelson, MD, PhD; Peter E. Liggett, MD; Joaquim M. de Queiroz, Jr, MD; Michael W. Berns, PhD 


è Although photodynamic therapy has 
shown great promise for the treatment of 
a variety of malignant neoplasms, the 
role of this new therapeutic modality in 
the clinical management of intraocular 
tumors remains incompletely under- 
stood. This study examines the effects of 
photodynamic therapy using chloroalu- 
minum sulfonated phthalocyanine on 
Greene hamster melanoma transplanted 
into the subchoroidal space in rabbits. 
Twenty-four hours after intravenous ad- 
ministration of chloroaluminum sulfo- 
nated phthalocyanine (5 mg/kg), tumors 
were irradiated with 675 nm of light at 
total light doses of 7 to 60 J/cm’. The 
results show that tumor growth was ar- 
rested at total light doses of 22 to 
60 J/cm’. At total light doses of 15 to 
21 J/cm’, tumor growth was initially ar- 
rested. However, regrowth of these tu- 
mors was apparent within 7 days. Total 
light doses of less than 15 J/cm’ showed 
no response. Complications of photody- 
namic therapy, such as intraretinal or 
subretinal hemorrhages and retinal de- 
tachment, were seen only in animals who 
received total light doses in excess of 
43 J/cm’. 

(Arch Ophthalmol. 1992;110:555-561) 
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fre more than 100 years, the tradi- 

tional treatment for malignant mel- 
anoma of the choroid has been enucle- 
ation of the involved eye as soon as the 
diagnosis is certain.’ However, de- 
pending on the clinical situation, other 
“eye-preserving” approaches to the 
management of choroidal melanoma 
have been advocated, including photo- 
coagulation, cryotherapy, local surgi- 
cal resection, ionizing radiation thera- 
py, and chemotherapy. Unfortunately, 
photocoagulation has limited utility 
and is usually successful only if the 
tumor is less than 3 mm in thickness.” 
Cryotherapy has been largely aban- 
doned because of the inability to kill all 
malignant cells.’ Local surgical resec- 
tion requires sclerochorioretinal resec- 
tion that can often lead to complica- 
tions such as vitreous bleeding and 
retinal detachment.’ Lastly, ionizing 
radiation therapy’ and chemotherapy” 
share in common the ability to induce 
injury to all cell populations rather 
than being cytotoxic to only cancer 
cells. Because of the inadequacy of 
existing therapies to treat many types 
and stages of uveal melanoma, any 
new approach that shows promise 
must be carefully examined. 

Recently added to the armamentar- 
ium of the clinical oncologist has been 
the development of photodynamic 
therapy (PDT). The basic concept for 
the use of PDT in malignant tumors is 
that certain molecules can function as 
photosensitizers. The presence of 
these photosensitizers in tumor cells 
makes the latter vulnerable to wave- 
lengths absorbed by the chromophore. 
The action of photosensitizers is to 
absorb photons of the appropriate 


wavelength sufficient to elevate the 
sensitizer to an excited state. The ex- 
cited photosensitizer subsequently re- 
acts with a substrate, such as molecu- 
lar oxygen, to produce highly reactive 
singlet oxygen that causes irreversible 
damage to some essential cellular/tu- 
mor component.” 

In this report, we suggest a new 
approach to the treatment of choroidal 
melanoma using PDT in combination 
with a new _ photosensitizer—chloro- 
aluminum sulfonated phthalocyanine 
(CASPc). Our interest in using this 
combination for the treatment of cho- 
roidal melanoma is based on a recent 
study that demonstrated its effective- 
ness in controlling the growth of a 
tumor implanted into the anterior 
chamber.” Although the anterior cham- 
ber location of this tumor limited the 
direct extrapolation of results to most 
human choroidal melanomas, it was 
concluded that PDT using CASPe ap- 
peared promising and further study 
seemed warranted. 

The objective of this study was to 
evaluate the efficacy of PDT using 
CASP¢c to control the growth of experi- 
mental Greene hamster melanoma 
transplanted into the subchoroidal 
space. In particular, total light doses 
to control tumor growth and maximize 
necrosis of subchoroidal melanoma and 
minimize damage to the normal retina 
were sought. 


MATERIALS AND METHODS 
Animal and Tumor System 


All experiments adhered to the Associa- 
tion for Research in Vision and Ophthalmol- 
ogy Resolution on the Use of Animals in 
Research. Male Dutch Cross rabbits weigh- 
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ing between 1.5 and 2.0 kg were used as the 
animal model. The Greene hamster amela- 
notic melanoma transplanted into the pig- 
mented rabbit was used as the experimen- 
tal tumor model.” 

The tumor was maintained by serial pas- 
sage in the anterior chamber of donor ani- 
mals. When the tumor occupied 50% of the 
anterior chamber, the donor animal was 
killed. Under sterile conditions the eye was 
enucleated and the cornea was incised. Tu- 
mor nodules were excised from the iris 
surface, minced with fine scissors, and kept 
moist in 0.9% saline solution while the 
recipient eye was being prepared. 

The technique of tumor tissue transplan- 
tation to induce subchoroidal melanoma has 
been described previously by Krohn et al.” 
The recipient animals were anesthetized 
with intramuscular injections of xylazine 
hydrochloride (5 mg/kg) and ketamine hy- 
drochloride (10 mg/kg). Exposure of the 
recipient eye was maintained using a Barra- 
quer eyelid speculum. With a surgical mi- 
croscope, a superonasal conjunctival perit- 
omy was performed and 7-0 silk traction 
sutures were placed through the episclera 
and nictitating membrane. A parallel 4-mm 
incision 7 mm from the limbus was made 
using a No. 64 blade (Beaver Surgical Prod- 
ucts, Waltham, Mass). The incision was 
extended internally and 3 mm posteriorly 
through the scleral lamellae to form a pock- 
et just above the choroid using a cyclodialy- 
sis spatula. At the end of this pocket, the 
subchoroidal space (underneath the choroid 
and between the choroid and the sclera) 
was entered by directing the spatula to- 
ward the eye and the dissection continued. 

A 0.25-mm fragment of tumor was aspi- 
rated into the tip of a 22-gauge catheter. 
Under microscopic control, the catheter 
was then inserted into the eye through the 
incision until the tip of the catheter was 
placed into the subchoroidal space and the 
tumor fragment deposited therein. To facili- 
tate observation, all tumors were implanted 
posteriorly near the optic disc under the 
medullary ray of each eye. The catheter 
was then removed and the scleral flap and 
conjunctiva were sutured with 7-0 and 8-0 
silk sutures, respectively. Animals were 
evaluated by indirect ophthalmoscopy and 
fundus photography daily until the tumors 
reached a size of 3 to 4 mm by 6 to 10 days 
after implantation, at which time treatment 
was started. 


Photosensitizer 


Chloroaluminum sulfonated phthalocya- 
nine (Ciba-Geigy Corp, Greensboro, NC) 
was obtained commercially as a 300-mg/mL 
sample in water. The CASPe was diluted in 
Dulbecco’s phosphate-buffered saline to a 
final concentration of 2.5 mg/mL and stored 
in the dark at —70°C until used. Prior to 
injection, CASPe was quick thawed and 
diluted 1:4 with 5% dextrose solution and 
injected intravenously in doses of 5 mg/kg. 


Laser Light Delivery System 


Laser irradiations were performed with a 
model 171 argon laser (Spectra-Physics, 
Mountain View, Calif) stimulating a model 
375 dye laser (Spectra-Physics). The dye 
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Fig 1.— Total light doses and number of procedures. The number of the animals is shown in 
parentheses. PDT indicates photodynamic therapy. 


laser was tuned to emit radiation at 675 nm 
for the entire experiment. The wavelength 
was verified to +1 nm using a spectroscope 
(Clinical Hartridge Reversion Spectro- 
scope, Ealing Electro-Optics, South Natick, 
Mass). The radiation was then coupled into 
a 400-um fused, silica fiberoptic using a 
model 316 fiberoptic coupler (Spectra-Phys- 
ies). The output end of the fiber terminated 
with a microlens that focused the laser 
radiation into a circular field of uniform 
light intensity. Laser irradiation emanating 
from the fiber was monitored with a model 
210 power meter (Coherent, Palo Alto, 
Calif) before, during, and after treatment. 


Experimental Procedure 


When tumors were of the appropriate 
size (as indicated above), the animals were 
given an intravenous injection of photosen- 
sitizer. The remainder of the experiment 
was done in the dark, including housing of 
the animals. 

Twenty-four hours after injection of pho- 
tosensitizer, the experimental animals were 
anesthetized as described above. Immedi- 
ately prior to laser irradiation the pupils 
were dilated using 1% tropicamide and 2.5% 
phenylephrine hydrochloride, and the ani- 
mals were positioned underneath an operat- 
ing microscope connected to a high-resolu- 
tion video camera (Sony DXC-101, New 
York, NY). A plano-concave vitrectomy 
lens was placed on the eye during light 
exposure to permit real-time viewing and 
recording of the treatment while simulta- 
neously ensuring the 5-mm diameter laser 
beam was focused directly over the tumor 
nodule. 

Nineteen animals were treated using 
PDT; the total laser light dose for each 
animal varied from 7 to 60 J/cm” of 675-nm 
light, as appropriate (Fig 1), with a power 
density of 15 to 30 mW/cm’ after accounting 
for light attenuation through the ocular 
media. Calculations of average light attenu- 
ation through rabbit ocular media were 


based on the figures of Geeraets and Ber- 
ry,” using a wavelength of 675 nm as the 
incident light beam. The power densities 
used in this study were deliberately kept 
low to ensure that tumor response to laser 
irradiation was based entirely on photo- 
chemistry as opposed to hyperthermia.” 

Controls were those four tumor-bearing 
animals that received light without photo- 
sensitizer, two animals that received photo- 
sensitizer without light, in the same dos- 
ages as the treated groups, and two animals 
that received no light or photosensitizer. 
After phototherapy, animals were returned 
to the dark and evaluated daily, in a double- 
blind fashion, by indirect ophthalmoscopy 
and fundus photography to document tumor 
arrest or growth. 


Fluorescein Angiography 


For fluorescein angiography, all animals 
were anesthetized as described above, in- 
jected intravenously with 0.15 mL of 10% 
fluorescein, and photographed using a fun- 
dus camera (Kowa Inc, Model RC-Xv, Ja- 
pan) prior to tumor implantation, before 
and 24 hours after laser irradiation, and 
immediately prior to killing. 


Histopathology 


All tumors were evaluated by histopatho- 
logic examination. Animals were killed, and 
immediately following enucleation, eye tis- 
sue was fixed in 10% formaldehyde in phos- 
phate buffer. After fixation, serial step 
sections were obtained from the tumor and 
overlying retina within the irradiated area 
as well as from retinal and ocular tissue 
outside the irradiated area. Samples were 
then dehydrated in graded alcohols, cleared 
in xylene, and embedded in paraffin. Serial 
sections, 6 um, were cut, stained in hema- 
toxylin-eosin, cleared of paraffin in xylene, 
and dried. Sections were examined with a 
photomicroscope (Carl Zeiss Inc, Thorn- 
wood, NY) and photographed (T-50 film, 
Eastman Kodak Co, Rochester, NY). 
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The median follow-up time for tumors 
treated with PDT was 8 days with a range 
of 4 to 16 days. The median follow-up time 
for control tumors (light without photosen- 
sitizer; photosensitizer without light; no 
light or photosensitizer) was 5 days as these 
tumors continued to grow more rapidly 
compared with the PDT-treated group. 
Retinal or vitreal complications due to ex- 
cessive total light dose, tumor regrowth 
after apparent initial growth arrest, and no 
apparent tumor regrowth until the 16th 
postoperative day were reasons to kill the 
animals for histopathologic analysis. 


RESULTS 
Dose Response 


The effects of PDT using CASPe on 
irradiated subchoroidal melanoma tu- 
mors in rabbits are summarized in Fig 
2. For those animals receiving PDT 
using CASPc and a total light dose of 
22 to 60 J/em*, tumor growth was 
arrested in all animals. On indirect 
ophthalmoscopic examination within 
24 hours of treatment, the tumor ap- 
peared blanched, shrunken, and hem- 
orrhagic. No regrowth was observed 
over the subsequent 16 days of the 
study prior to killing (Fig 3). 

In the animals that received a total 
light dose of 15 to 21 J/cm’, tumor 
growth was arrested initially in all 
animals. Examination within 24 hours 
after phototherapy revealed a pale, 
shrunken tumor. However, regrowth 
of the tumors generally was apparent 
clinically within 7 days and usually 
occurred around the periphery of the 
original tumor. These tumors subse- 
quently grew as rapidly as did those of 
the nontreated controls. 

In the animals that received a total 
light dose of less than 15 J/em’, no 
response to PDT was observed. None 
of the control tumor-bearing animals 
(light without photosensitizer; photo- 
sensitizer without light; no light or 
photosensitizer) receiving the same 
dosages as the treated groups showed 
response. 


Fluorescein Angiography 


In animals that received a total light 
dose in excess of 22 J/cm’, the typical 
high level of fluorescence of a well- 
vascularized tumor nodule before PDT 
was replaced by complete reduction in 
tumor fluorescence immediately after 
light irradiation (Fig 4). Intratumoral 
blood vessels were no longer patent 
and reopening was not seen on the 
angiogram before killing. 

In the animals that received a total 
light dose of 15 to 21 J/cm’, no fluores- 
cence of the tumor was seen 24 hours 
after PDT. However, fluorescein angi- 
ography performed immediately prior 
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(Complications) 


No Tumor Regrowth 
(No Complications) 


Initial Tumor Arrest With 
Subsequent Regrowth 


No Response 


to killing revealed a high level of fluo- 
rescence only in areas located around 
the periphery of the original tumor due 
to reopening of the vessels. 

In the animals that received a total 
light dose of less than 15 J/em’ and in 
control animals, no change in the post- 
treatment and before-killing fluoresce- 
in angiograms was observed compared 
with the pretreatment study. 


Histopathology 


Tumor.—Slides of nontreated control 
tumors (no light or photosensitizer) 
showed the usual tumor architecture 
containing large patent intratumoral 
vessels (Fig 5). In treated control 
tumors (light without photosensitizer; 
photosensitizer without light), no signifi- 
cant structural changes were noted from 
the nontreated controls. 

In the animals that received a total 
light dose of 22 to 60 J/em’, 100% 
destruction of the tumor after PDT 
was seen (Fig 6). There was only mini- 
mal preservation of the basic outline of 
the destroyed tumor cells immersed in 
a mass of erythrocytes and amorphous 
granular debris. 

In the animals that received a total 
light dose of 15 to 21 J/em’, extensive 
central necrosis of the tumor was ob- 
served. However, at the lateral mar- 
gins of the tumor, histologic study 
confirmed the presence of normal-ap- 
pearing tumor cells, indicating PDT- 
resistant tumor (Fig 7). This conclu- 
sion was based on the histopathologic 
examination of all tumors and sections 
and is not attributable to the way a 
particular section was cut. In the ani- 
mals that received a total light dose of 





Total Light Dose, J/cm? 
Fig 2.— Light dose response in photodynamic therapy—treated groups. 


less than 15 J/cm’, minimal (<10% to 
15%) necrosis of the tumor was seen 
(Fig 8). 

Retina. — No histopathologic 
changes were seen in the retina out- 
side the laser-irradiated area at any of 
the total light doses used in this study 
compared with controls (Fig 9). On the 
retina directly overlying the tumor, 
animals that received total light doses 
in excess of 30 J/cm” showed extensive 
necrosis. The retina showed fragmen- 
tation, mostly in the outer and inner 
nuclear layers, and necrosis of the 
underlying retinal pigment epithelium. 
In animals that received total light 
doses of 22 to 30 J/em’, only damage to 
the ganglion cell layer and outer seg- 
ments of the photoreceptor cells were 
seen in the retina directly overlying 
the tumor. In the animals that re- 
ceived a total light dose of less than 21 
J/cm’, no damage to the retina overly- 
ing the tumor was seen. No evidence 
of damage was noted in the retinas 
overlying the tumor in any of the con- 
trol animals. 


Complications 


All eyes treated with a total light 
dose in excess of 15 J/cm? showed 
corneal edema and conjunctival hyper- 
emia following phototherapy. Howev- 
er, these complications resolved spon- 
taneously, within 24 hours, without 
treatment. No other complications 
such as damage to the iris or lens were 
seen in any of the eyes following PDT. 

No complications were seen in the 
retina outside the laser-irradiated area 
at any of the total light doses used. 
However, in the laser-irradiated area, 
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Fig 3.—Subchoroidal melanoma. Top left, Immediately prior to photodynamic therapy (PDT); top right, 24 hours after PDT 
with total light dose of 40 J/cm’ (tumor appears pale and the retina is edematous with small preretinal hemorrhages); bottom 
left, 16 days after PDT with total light dose of 40 J/cm” (tumor appears necrotic and changes in pigmentation are seen); and 
bottom right, untreated control 15 days after implantation (two tumor nodules are seen—this tumor caused diffuse vitreous 
hemorrhage 2 days later) (top left, top right, and bottom left, x 18; bottom right, x 9). 


Fig 4.—Fluorescein angiogram of subchoroidal melanoma. Left, Immediately prior to photodynamic therapy (PDT) (diffuse 
perfusion of tumor vasculature); and right, 2 days after PDT and total light dose of 43 J/cm“ (nonperfusion of tumor 
vasculature) ( x 18). 
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Fig 5.—Photomicrograph of untreated control subchoroidal melano- Fig 6.—Photomicrograph of subchoroidal melanoma 9 days after 


ma. Viable tumor is seen between the sclera and the retina (hematoxy- photodynamic therapy and total light dose of 43 J/cm’. Note total 
lin-eosin, x 82). destruction of tumor with damage to the overlying retina (hematoxylin- 
eosin, x 57). 





a 
Fig 7.—Photomicrograph of subchoroidal melanoma 9 days after Fig 8.—Photomicrograph of subchoroidal melanoma 9 days after 
photodynamic therapy (PDT) and total light dose of 18 U/cm’*. Arrow- photodynamic therapy and total light dose of 10 J/cm’ (hematoxylin- 
heads border central area of necrosis. However, PDT-resistant tumor eosin, x 57). 
is seen at the lateral margins of the tumor (arrow) (hematoxylin-eosin, 


x 54). 





Fig 9.—P i i i : 3 ee : 
ee of 1h ate cal ale at aja Fig 10.—Complications of photodynamic therapy using excessive light doses. Left, Preretinal 


area of laser irradiation 9 days after photody- and intraretinal hemorrhages after total light dose of 52 J/cm’; and right, exudative retinal 


namic therapy and total light dose of 60 J/cm’. detachment after total light dose of 55 J/cm‘ (left, x 18; right, x 9). 


Note total retinal necrosis inside area of laser 
irradiation (hematoxylin-eosin, x 82). 
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complications of PDT, such as intrare- 
tinal or subretinal hemorrhages and 
exudative retinal detachment, were 
seen in those animals that received 
PDT with total light doses greater 
than 43 J/cm’ (Fig 10). Animals receiv- 
ing total light doses less than 
43 J/cm? showed no gross evidence of 
retinal complications in the irradiated 
area. 


COMMENT 


Photodynamic therapy using an ex- 
ogenous photosensitizing drug specifi- 
cally activated by certain wavelengths 
of light to cause photoreaction in bio- 
logic systems dates back to the begin- 
ning of this century.” Since that time 
numerous examples of the “photody- 
namic effect” have been reported for a 
wide range of photosensitizers in vitro 
and in vivo." 

During the past several years, inter- 
est in the use of PDT for malignant 
tumor therapy has been increasing. 
Porphyrins have received the most at- 
tention since the observation by Poli- 
card” that certain malignant tumors in 
animals and man demonstrated a red- 
dish fluorescence attributed to accu- 
mulation of endogenous porphyrins re- 
sulting from secondary infection by 
hemolytic bacteria. While several por- 
phyrins are known to localize in malig- 
nant tumors, hematoporphyrin deriva- 
tive (HpD) has been the most studied 
since Dougherty et al" showed that 
systemic HpD, activated by light from 
a xenon arc lamp, could cause complete 
eradication of a transplanted mouse 
mammary tumor without appreciable 
damage to the overlying skin. Since 
that initial report, a variety of tumors 
of differing histologic types have been 
treated experimentally, including can- 
cers of the skin, female genital tract, 
esophagus, bladder, breast, lung, and 
eye. ™” 

Although HpD is the only photosen- 
sitizing agent currently available for 
human clinical use, it is far from ideal. 
The selectivity of HpD for malignant 
tumors is only relative and does not 
apply in all organs. Also, the long skin 
retention half-life of HpD is clinically 
significant. Such retention can lead to 
phototoxic reactions as a result of un- 
wanted exposure of the patient to sun- 
light (or bright, artificial light). This 
side effect is not trivial and may result 
in complications ranging from slight 
erythema to extensive skin sloughing 
and necrosis. These problems, as well 
as a relatively weak HpD absorption 
band and low tissue transparency at 
the therapeutic 630-nm wavelength 
producing inefficient phototoxicity, 
have resulted in considerable effort 
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being devoted to developing new and 
more efficient tumor-localizing photo- 
sensitizers with greater extinction co- 
efficients at wavelengths further in the 
red spectral region where light pene- 
tration into the tumor tissue would be 
enhanced. 

The phthalocyanines, used as indus- 
trial dyes and pigments, are porphy- 
rinlike compounds capable of localizing 
and photosensitizing malignant tu- 
mors.” These compounds are easily 
synthesized and purified, exhibit 
strong absorption in the 650- to 700-nm 
range, and are excellent generators of 
singlet oxygen.” In addition to being 
red-shifted, which enhances tissue 
penetration, phthalocyanine light ab- 
sorption is almost two orders of magni- 
tude higher at these wavelengths as 
opposed to the HpD absorption peak at 
630 nm.” The metal atom complexed 
with the phthalocyanine ring is critical, 
and studies have demonstrated that 
CASPc is the most active photosensi- 
tizer.“ Furthermore, this compound 
has been shown not to induce skin 
damage in the presence of ambient 
light.” The greater tissue penetrance 
of the longer wavelength and the re- 
duced residual skin photosensitivity 
theoretically give CASPe decided ad- 
vantages over HpD. 

The results of this study suggest 
that PDT using CASPc has excellent 
potential as a treatment for subchoroi- 
dal melanoma. Control of growth and 
full-thickness 100% tumor necrosis was 
produced following PDT-CASPc con- 
sisting of 675-nm red light treatments 
with total light doses as low as 22 J/cm’? 
and 5 mg/kg of CASPc. Furthermore, 
it is demonstrated conclusively 
through fluorescein angiography that 
PDT in combination with CASPe dis- 
rupts, effectively and permanently, 
the intratumoral vasculature. It has 
become increasingly clear, at least for 
most experimental animal tumors, that 
damage to the tumor vasculature is 
largely responsible for tumor eradica- 
tion.” Stoppage of tumor blood flow 
shortly after the initiation of PDT has 
been demonstrated.*” In the latter 
study it was observed that complete 
tumor circulation cessation was re- 
quired to effect complete eradication of 
the tumor. Noncurative treatments 
frequently resulted in the resumption 
of intratumoral blood flow. The appli- 
cation of PDT to intraocular malignant 
neoplasms presents special problems 
that are not encountered with other 
tumor sites on the body, most promi- 
nent of which is extreme sensitivity of 
the retina to phototoxicity. In deci- 
sions to increase total light dose to 
accomplish total destruction of a larger 


tumor, prevention of irreversible dam- 
age to adjacent normal retina will be a 
limiting factor. There was no effect on 
the nonexposed areas of the retina 
from light scatter. Light-induced dam- 
age to the retina was restricted to the 
laser-irradiated area at all of the light 
doses used, and complications of PDT, 
such as intraretinal or subretinal hem- 
orrhages and exudative retinal detach- 
ment, were seen only in those animals 
that received total light doses greater 
than 43 J/cm’. 

Our results suggest that this treat- 
ment might allow a less radical mode of 
therapy in selected patients with cho- 
roidal melanoma. Extrapolation of the 
results to human patients does involve 
some uncertainties, but PDT would 
seem ideally suited to relatively small 
choroidal melanomas in eyes with good 
visual acuity. However, the applica- 
tion of PDT using CASPc in the treat- 
ment of choroidal melanoma is still 
highly experimental. Such therapy 
cannot be considered the treatment of 
choice at the present time. Rather, it 
should be viewed as a potential substi- 
tute or alternative for other forms of 
treatment. We urge a cautious ap- 
proach until the long-term control of 
tumors and effects of treatment are 
better understood before more defini- 
tive conclusions can be made. 

The rather high dose of CASPc 
(5 mg/kg) used in this experiment was 
chosen to obtain effects overt enough 
to establish the applicability of CASPc 
as a photosensitizer for destruction of 
subchoroidal melanoma. Experiments 
are currently in progress to establish 
optimal dose, rate, and route of drug 
administration as well as the timing of 
laser irradiation so that the role of 
PDT-CASPc in the treatment of pa- 
tients with choroidal melanoma can be 
fully defined. 
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Periorbital Giant Congenital Melanocytic Nevus 












Fig 1.—Congenital (giant) melanocytic nevus of the right periorbital Fig 2.—Close-up photograph of right periorbital region. Numerous 
region. The lesion measured 65 x 60 mm and involved the right upper coarse hairs are visible at the margins of the lesion (white arrow). The 
and lower eyelids, medial eyelid margins, eyebrow, nasal dorsum, and involved skin is markedly thickened, coarse, and creased by deep 
lower forehead. The conjunctiva, caruncle, and lacrimal apparatus furrows especially in the forehead. 


were uninvolved. 
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Fig 3.—High-power magnification of eyelid lesion showing nests of Fig 4.—Junctional region between the deep dermis and subcutis. The 
moderately pigmented nevus cells involving the upper dermis. The dermis shows sheets of nonpigmented nevus cells interspersed 
underlying pilosebaceous units are surrounded by lightly pigmented among thick collagen bundles. Several prominent hair follicles are 
cords of nevus cells. No junctional activity is present (hematoxylin-. observed in the subcutis (hematoxylin-eosin, original magnification 
eosin, original magnification x 40). x 20). 
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ig 18-month-old girl was born with a 
giant, hairy, pigmented nevus in her 
right periorbital region (Figs 1 and 2) and 
smaller nevi on her trunk. The remainder of 
the ophthalmologic examination showed 
normal results. Microscopic examination of 
the excised skin from the right lower eyelid 
showed irregular elongation of the epider- 
mal rete ridges. No junctional activity was 
present. The upper dermis contained mod- 
erately pigmented nests of nevus cells in- 
termixed with scattered melanophages (Fig 
3). Sheets of lightly pigmented nevus cells 
involved the reticular dermis where they 
surrounded pilosebaceous structures. Spin- 
dle-shaped nevus cells extended from the 
deep dermis into the subcutis surrounding 
lobules of fat. Some of the hair bulbs were 
located within the subcutis (Fig 4). 


COMMENT 


Congenital pigmented nevi in gener- 
al are present in 2% to 3% of neonates. 
Fewer than 10% of these lesions are 
larger than 3 to 4 cm, below which the 
lesions are designated as small .' Small 
nevi should be periodically followed up 
using photographs for evidence of 
growth. The term large is usually re- 
served for nevi that cannot be excised 
and primarily closed or for lesions oc- 
cupying a minimum of 2% of total body 
surface area in an infant.” Quaba and 
Wallace’ calculated an 8.52% incidence 
of malignant melanoma developing 
within these large nevi during the first 
15 years of life, although occurrence in 
the periorbital region is rare. On con- 
sultation, one of us (R.L.F.) studied 
sections from a cutaneous periorbital 
malignant melanoma with orbital inva- 
sion arising in a giant congenital hairy 
nevus occurring in a 6-year-old boy. 
The term giant describes lesions great- 
er than 10 em in diameter, which are 
present in fewer than one in 20000 
newborns. Unfortunately, there has 
been no consensus regarding the size 
that constitutes a risk for melanoma. 
Melanomas that develop within large 
nevi usually do not originate within the 
deep dermis.’ In addition to the predis- 
position for development of malignant 
melanoma, giant melanocytic nevi, 
particularly those in the head and neck 
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region, can also be associated with 
leptomeningeal melanocytosis, epilep- 
sy, or other focal neurologic disorders.’ 

Characteristic histopathologic fea- 
tures include infiltration of nevus cells 
into the deep reticular dermis ar- 
ranged among the thick collagen bun- 
dles occasionally in an Indian-file 
pattern. Additionally, nevus cells sur- 
round vessels, nerves, and adnexal 
structures.” 


Complete prophylactic excision of gi- 
ant nevi often involves multiple surgi- 
cal procedures beginning in infancy. 
Early excision may minimize the psy- 
chological stress caused by the lesion’s 
appearance. Tissue expansion, exten- 
sive local flaps, and skin grafting may 
significantly improve the final cosmetic 
result. 
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Surgical Technique 


The Prethreaded Pupillary Dilating (Torpedo) Suture for 
Phakic and Aphakic Eyes 


William R. Freeman, MD; Sandy T. Feldman, MD; David Munguia; Teotimo Mendez; Clayton A. Wiley, MD, PhD 


e A variety of methods for maintaining 
pupillary dilation for intraocular surgery 
have been advocated because pharma- 
cologic agents may fail to maintain or 
adequately dilate the pupil. We have 
used a threaded needle to rapidly dilate 
the pupils of 19 aphakic, pseudophakic, 
or phakic eyes without damaging the 
lens or pseudophakos. This dilating su- 
ture can be constructed from available 
materials at low cost. We discuss the 
preparation of the suture and the tech- 
niques that allow rapid and reliable dila- 
tion during posterior vitrectomy or ante- 
rior segment surgery. Histologic studies 
were performed on rabbit eyes and dem- 
onstrated the position of the suture after 
performing pupillary dilation in phakic 
eyes. The technique has been used to 
dilate the pupils of phakic, aphakic, and 
pseudophakic patients without evidence 
of clinically significant complications. 

(Arch Ophthalmol. 1992;110:564-567) 


[ ntraccular surgery often demands 

good visualization of structures lo- 
cated posterior to the plane of the iris. 
The pupil is often dilated with multiple 
topical agents before surgery to obtain 
maximal pupillary dilation to ensure 
adequate visualization."* Despite the 
use of these pharmacologic agents, the 
pupil may become smaller during sur- 
gery because of ocular hypotony, ma- 
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nipulation of the iris, or other factors. 
In some patients, pharmacologic dila- 
tion of the pupil is inadequate. Prolif- 
eration of membranes on the posterior 
surface of the iris may prevent ade- 
quate dilation in patients undergoing 
subsequent operations.’ For these rea- 
sons, mechanical approaches to pupil- 
lary dilation have been a subject of 
considerable interest. 

Commercially available mechanical 
iris fixation devices include tacks and 
hooks."’ These devices are large, may 
cause hemorrhage during placement, 
are not always available, and thus have 
not become popular. Specialized bored 
needle tips, which can be threaded 
with suture, are also available to dilate 
the pupil.* Repeated use of the special- 
ized bored needle tip may cause the tip 
to become blunt, thus requiring a large 
stock of these devices to be available at 
surgery. Eckardt’ described a pupil- 
lary dilating suture consisting of dou- 
ble armed 9-0 polyamide. This has the 
advantages of being readily available 
and relatively inexpensive. Dilation of 
the pupil in this manner requires mul- 
tiple passes of the suture and place- 
ment of extra sclerotomies, and is 
time-consuming. Federman and An- 
and” have described a modification of 
Eckardt’s technique, which also re- 
quires extra incisions to accommodate 
intraocular hooks. Surgeons perform- 
ing anterior segment surgery would 
not be likely to use these techniques 
for cataract surgery if posterior scle- 
rotomies are required. Regardless of 
which pupillary dilating device the sur- 
geon chooses, all have significant prob- 
lems and have not been described as 


having the capability to dilate a phakic 
eye without inducing damage to the 
lens. In this report, we describe a new 
method for dilating the pupil during 
intraocular surgery. The advantages 
over sphincterotomies and the previ- 
ously reported methods are addressed. 


MATERIALS AND METHODS 
Animal Surgery 


Dutch, pigmented rabbits were anesthe- 
tized with an intramuscular injection of 
ketamine hydrochloride and xylazine hydro- 
chloride in strict accordance with the guide- 
lines of the University of California, San 
Diego Department of Veterinary Affairs. 
Their pupils were not dilated. A 27-gauge 
stab incision into the anterior chamber was 
made and a small amount of aqueous humor 
was released. Using a 27-gauge blunt can- 
nula, 0.05 to 0.1 mL of hyaluronate sodium 
was injected under the contralateral iris in 
the area to be dilated, elevating the iris. A 
27-gauge needle, which had been threaded 
with a nylon suture (gauges used included 
10-0, 9-0, and 8-0) 15 em in length and 
sterilized with an autoclave (Fig 1), was 
used to pierce the cornea at the limbus 
contralateral to the entry site and advanced 
in such a manner that the shaft of the 
needle was passed beneath the peripheral 
iris and exited the eye posterior to the iris 
root. The suture was grasped exterior to 
the eye and the shaft of the needle was 
withdrawn into the central anterior cham- 
ber. The tip of the threaded needle was 
then advanced across the anterior chamber 
and over the elevated area of the iris and 
exited the eye in the area of the corneo- 
scleral limbus. Care was taken to avoid 
damaging the lens. After the needle tip 
exited the eye this second time, the suture 
was removed by grasping it with a fine 
forceps and removing the portion of the 
suture that remained in the threaded nee- 
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dle. The ends were tied to place the desired 
amount of traction on the iris and cause the 
pupil to dilate fully (Fig 2). This procedure 
was repeated in each of four locations so 
that four-point pupillary dilation was 
achieved. In some cases, a 27-gauge, 
3.12-em suture was threaded through a 
small hole that was placed in the bevel with 
a high-powered argon laser. In these cases, 
the 8-0 nylon suture was threaded through 
the hole in the bevel and used in a manner \ 
analogous to that described by Murray and 
Abrams. A total of eight eyes were 
studied. 

Clinical examinations of the animals were 
performed with the animals awake or under 
ketamine and xylazine anesthesia. Animals 
were killed with an overdose of pentobarbi- 
tal; eyes were immersed in 4% buffered 
paraformaldehyde fixative, embedded in 
paraffin, and sectioned serially. 





Patients 





A similar surgical technique was used on 
patients undergoing vitrectomy, but with 
the following modifications. In aphakic Fig 1.—Sterile, prethreaded, 27-gauge straight and curved needles are used for pupillary 
eyes, hyaluronate sodium was not injected dilation. Each set contains two straight and two curved needles for far-point pupillary dilatation. 
beneath the iris and the suture was passed 
initially over the pupil margin, exiting at 
the limbus. For the second pass of the 
suture, the needle exited posterior to the 
iris and 1 to 3 mm posterior to the limbus, 
depending on the location. In pseudophakic 
eyes, hyaluronate sodium was used as 
above to allow the threaded needle to exit 
posterior to the iris (Fig 3). When dilating 
the temporal iris, the needle was bent man- 
ually to allow for entry in the opposite 
(nasal) quadrants. This allowed easier ma- 
nipulation of the threaded needle and avoid- 
ed the nose during manipulations. A total of 
18 patients underwent pupillary dilation in 
this manner; the eyes were aphakic in 
15 patients, pseudophakic in two patients, 
and phakic in one patient. 

A similar procedure was performed in the 
phakic patient who dilated to only 3.5 mm 
at the time of cataract surgery. A modifica- 
tion of the iris suturing technique was per- 
formed to avoid zonular rupture. The 
threaded needle entered the eye above the 
iris 180° from the desired site of dilation, 
was passed underneath the iris, seen in the 
pupillary lay space, and exited the eye at 
the corneoscleral junction after passing 
through the peripheral iris. The needle was 
withdrawn into the center of the anterior 
chamber and passed over the iris through 
the limbus, where it was tied. A triangular 
configuration was formed by adding three 
sutures at the 2-, 6-, and 10-o’clock posi- 





Fig 2.—Top, Threaded suture used to dilate 
phakic eye. Hyaluronate sodium is used to 
separate the iris from the lens. Suture is 
passed through the ciliary sulcus, exits the 
eye, and is grasped by the surgeon with a 
needle holder. Middle, The suture is with- 
drawn from beneath the iris and is passed 
over the iris to exit through the peripheral 
cornea. Bottom, Both ends of the suture may 
be tied, providing any degree of pupillary dila- 
tion desired. 
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Fig 3.—Eye with complicated retinal detach- 
ment and small 4-mm pupil before surgery. 
The threaded suture was used to dilate the iris 
at four points in this pseudophakic eye, which 
allowed removal of intraocular lens implant 
and excellent visualization of the peripheral 
retina. 


tions. This shape left enough room for a 10- 
mm wound needed for extracapsular cata- 
ract extraction of this dense cataract. The 
surgical procedure was uncomplicated. The 
iris sutures were cut after implant place- 
ment. At the conclusion of surgery, the 
pupil was noted to be almost round. A 
photograph and clinical examination on the 
first postoperative day showed some distor- 
tion at the iris margin. 


RESULTS 


Pupillary dilating sutures in rabbit 
eyes were used in phakic eyes only. 
After 2 hours, the dilating sutures 
were removed. Animals were then in- 
spected under the surgical microscope 
and with indirect ophthalmoscopy on 
the first day after the surgical proce- 
dure. After the rabbits were killed 
(1 day after the operation), the entry 
and exit sites of the dilating sutures 
were located through serial sectioning 
of the globes. Intravascular engorge- 
ment of the iris and ciliary body was 
noted with small fibrin response seen 
on histologic studies in the anterior 
and posterior chambers. Epithelium 
could be seen incarcerated in the scler- 
al wounds. There was no evidence of 
retinal detachment or vitreous hemor- 
rhage. The exit wound was present 
1.5 mm posterior to the pars plicata of 
the ciliary body. 

Patients undergoing pupillary dila- 
tion with the torpedo suture were ex- 
amined on the first day after the surgi- 
cal procedure, as well as 1 and 2 weeks 
after surgery, and then at 2- and 3- 
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Fig 4.—Alternatively, the threaded suture may exit through the peripheral iris, which may 


reduce the risk of zonular disruption. 


week intervals thereafter as appropri- 
ate. All patients continued a therapeu- 
tic regimen of topical steroids as well 
as cycloplegia and topical antibiotics 
four times daily. No evidence of in- 
creased postoperative inflammation 
was noted after surgery compared 
with patients who did not receive pu- 
pillary dilating sutures. Results of ex- 
amination of the patients’ irides in the 
undilated state showed small notches 
in the pupillary margin; however, the 
pupil was round and capable of 
constriction. 

The 10-0, 9-0, and 8-0 nylon sutures 
were found to be of adequate strength 
to hold the iris in the retracted position 
even during long vitrectomy proce- 
dures. Unfortunately, the 10-0 suture 
and, in some cases, the 9-0 suture were 
severed by the bevel of the needle 
during passage through the sclera; 
however, this did not occur with the 
8-0 nylon suture. Use of the bored 
needle tip was also effective; however, 
after two to three passages, the tip 
became dull. 


COMMENT 
The ability to dilate the pupil of 
aphakic, pseudophakic, and phakic 


eyes during pars plana vitrectomy is 
critical to allow optimal visualization of 
the peripheral retina and allow for 
dissection of peripheral vitreous and 
epiretinal membranes that contribute 
to proliferative vitreoretinopathy.” In 
aphakic eyes, the pupil may be en- 
larged through other mechanical fixa- 
tion devices, such as iris tacks or 
hooks, as well as with the Eckardt 
pupillary dilating suture.’ Iris tacks 
are relatively large, are associated 
with postoperative synechiae forma- 
tion, and may loosen during surgery 


and fall posteriorly on the retinal sur- 
face. The advantages lie in their rela- 
tive ease and rapidity of use.’ The iris 
hook uses limbal fixation and may be 
accidentally dislodged.’ In pseudopha- 
kic and phakic eyes, these modalities 
may result in damage to the lens. The 
currently available iris suturing tech- 
niques are problematic for several rea- 
sons. The Eckardt pupillary dilating 
suture requires posterior sclerotomies 
large enough to allow for passage of a 
micro-iris hook. Although the superior 
20-gauge sclerotomies made for vitrec- 
tomy instrumentation may be used, 
two additional inferior 20-gauge scle- 
rotomies are typically used, although 
somewhat smaller (0.7 mm) openings 
can be made.’ The technique is time- 
consuming, and placing a hooked in- 
strument through the pars plana may 
result in incarceration of the vitreous 
base in the wounds or retinal injury. 

In all clinical cases in which the 
pupillary dilating sutures were used, 
there was no evidence of increased 
postoperative inflammation. In the 
rabbit eyes, fibrin was seen; however, 
the rabbit eye is known to be hyperre- 
sponsive to many irritant stimuli and is 
not a good model for assessing intra- 
ocular inflammatory responses.” Stud- 
ies of transsclerally fixated posterior 
chamber intraocular lenses in humans 
have shown that small-gauge, monofil- 
ament sutures passed with the aid of 
needles are well tolerated for long 
periods.” Threaded 27-gauge needles 
have been used to permanently place 
polypropylene sutures in the ciliary 
sulcus to reposition intraocular 
lenses,“ and suture-driven 10-0 nylon 
appears well tolerated in the human 
eye when used to position dislocated 
intraocular lenses.” 
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Our torpedo suture has combined 
the advantages of several of the above 
modalities and, in addition, with the 
use of a viscoelastic substance, can be 
used to dilate phakic eyes. This is 
particularly valuable for the surgeon 
performing anterior segment surgery 
who would otherwise create small 
sphincterotomies to enable an ade- 
quate view. The suture is inexpensive 
and can be made from any 27-gauge 
needle and 8-0 nylon suture, which is 
difficult to accidentally cut during use. 
The use of disposable needles allows 
each to be used for only one suture, 
thus ensuring sharp and resistance- 
free passages through the limbal and 
scleral tissue and the vitreous base. 
We had attempted to use a reusable 
beveled needle with a hole placed 
through the bevel similar to that de- 
scribed by Murray and Abrams? and 
found that the needle tip became dull 
after two to three passages, resulting 
in snagging of the vitreous base and 
membranes in this region during pos- 
terior passes of the suture. The small 
size of the 27-gauge needle causes min- 
imal tissue trauma. The suture, once 
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ter combined pars plana lensectomy and vitrec- 
tomy. Retina. 1990;10:205-208. 
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placed, is secure. 

This technique is particularly valu- 
able to ensure adequate pupillary dila- 
tion during cataract surgery in pa- 
tients whose pupils dilate poorly. In 
patients with posterior synechiae, lysis 
of synechiae should first be accom- 
plished before the iris can be dilated by 
sutures. By widely dilating the iris and 
tilting the globe, better visualization of 
capsular remnants, if any, in patients 
undergoing posterior chamber sutur- 
ing to the sulcus either through a 
limbal or corneal wound or of the cycli- 
tic membrane during surgical peeling 
are possible. Modification of the tech- 
nique so that the suture exits the 
peripheral third of the iris (Fig 4) 
enables the surgeon performing anteri- 
or segment surgery to avoid zonular 
rupture. Suture placement and num- 
ber may vary to enable wound enlarge- 
ment for intraocular lens insertion or 
extracapsular lens extraction. Bending 
the needle with a large needle holder 
can tailor the position for each pa- 
tient’s anatomy. A modification of this 
technique could also be used to suture 
the haptics of posterior chamber in- 
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traocular lenses into the ciliary sulcus. 
Although not experienced in our small 
series, possible disadvantages include 
hemorrhage caused by nicking the ma- 
jor arterial circle of ciliary body or an 
iris vessel, anterior capsular tears if 
the needle is aimed posteriorly, zonu- 
lar dialysis if the needle is passed and 
repassed blindly, and inflammation be- 
cause the iris is irritated, thereby in- 
creasing the chance of cystoid macular 
edema. 

For each case, a total of four needles 
can be prepared in advance or made 
during surgery. The suture length 
should be at least 10 cm. In each kit, 
two of the needles should be curved in 
such a way that the bevel is up (facing 
the surgeon); the curved needles are 
used for passage through the supero- 
nasal and inferonasal limbus during 
dilating manipulations. 
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THE ADOLPHUS HOTEL 


COURSE DIRECTORS: 
R. JOSEPH OLK, MD 
WILLIAM B. SNYDER, MD 


PRESENTED BY: 
Retina Consultants, Ltd., St. Louis, Missouri; and 
Texas Retina Associates, Dallas, Texas. 


REGISTRATION FEE: 
$600.00 


This comprehensive course will present a state-of-the-specialty 
review of current management of vitreoretinal disease and devel- 
opments on the frontier with regard to research, new surgical 
procedures, therapeutics, and instrumentation. The two-day 
format will consist of lecture presentations extended by case. pre- 
sentations and panel discussions, featuring national and 
international faculty members. 
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Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
inclusion in the list free of charge. Listings will be published for 3 consecutive months and 
should be received at least 5 months prior to date of course, eg, for a June course by Jan 1 
to be included in the March, April, and May issues. A course held between the first and 
14th days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Anne Meltzer, Archives of Ophthalmology, CME, 
600 N Wolfe St, Baltimore, MD 21205. Readers are encouraged to contact the accredited 


sponsor for more detailed information. 


ALABAMA 


Cosmetic Blepharoplasty At: Mobile Date: 
5/9/92 Contact: Martha Tate, Univ of S Ala- 
bama, Coll of Med, Dept of Ophthalmol, PO Box 
8448, Mobile, AL 36689; (205) 460-6499 


CALIFORNIA 


Pearls of Ocular Therapy At: La Jolla Dates: 
5/15/92 to 5/16/92 Contact: Scripps Clinic & Res 
Found, Dept of Academic Affairs, Box 403C, 
10666 N Torrey Pines Rd, La Jolla, CA 92037; 
(619) 554-8556; FAX (619) 554-6310 


Masters of Ophthalmol Il At: San Francisco 
Dates: 5/9/92 to 5/10/92 Hrs Instr: 16 Contact: 
Lorraine Geary, c/o Masters of Ophthalmol, PO 
Box 640370, San Francisco, CA 94164; (415) 441- 
1057 


American Acad of Ophthalmol (AAO) Summer 

Inst on Cornea, Glaucoma, Retina, Phaco- 
emulsification, Automated Perimetry, Diabe- 
tes & Prac Mgmt At: San Francisco Dates: 
7/29/92 to 8/2/92 Hrs Instr: 1 for each hour of 
course attendance Contact: Sarah, AAO, 655 
Beach St, San Francisco, CA 94109; (415) 561- 
8500 


FLORIDA 


Ophthalmic Rev 1992: Cancer & the Eye At: 

Ponte Vedra Beach Dates: 6/26/92 to 6/28/92 
Contact: CME, Mayo Clinic-Jacksonville, 4500 
San Pablo Rd, Jacksonville, FL 32224; (904) 223- 
2058 or (904) 223-2482 


ILLINOIS 


Surg Update: New Techniques & Mgmt of 
Surg Complications At: Chicago Date: 4/25/92 
Hrs Instr: 4 Sponsor: Dept of Ophthalmol, 
Northwestern Univ Contact: Kia Clarkson, 303 
E Chicago Ave, Ward 2-186, Chicago, IL 60611; 
(812) 503-9866 
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KENTUCKY 


Mgmt of Retinal Vascular & Macular Disorders 

At: Lexington Date: 5/16/92 Contact: Kay 
Montgomery, The Ctr for Adv Eye Surg at 
Humana Hospital-Lexington; (606) 268-3754 


MARYLAND 


The 51st Wilmer Residents Assn Mtg At: Balti- 
more Dates: 4/30/92 to 5/2/92 Contaet: Jo Ann L. 
Young, Wilmer 232, The Johns Hopkins Hosp, 
600 N Wolfe St, Baltimore, MD 21205; (410) 955- 
2830 


Laser & Imaging Technology in Retinal Disease 

At: Baltimore Date: 5/16/92 Hrs Instr: 4, lec- 
tures; 7.5, lectures & lab Reg Fee: $100, lec- 
tures; $259, lectures & lab Sponsor: Wilmer 
Inst & The Johns Hopkins Med Inst Contact: 
Prgm Coord, Office of CE, Turner Bldg, The 
Johns Hopkins Med Inst, 720 Rutland Ave, 
Baltimore, MD 21205; (410) 955-2959 


The Retinal Pigment Epithelium in Health & 
Macular Degeneration: A Symp for Clinicians 
& Basic Scientists At: Baltimore Dates: 6/5/92 
to 6/6/92 Hrs Instr: 9 Reg Fee: $300 phys, $200 
nonclinical phys & researchers, $150 residents & 
fellows Sponsor: The Wilmer Inst Contact: 
Prgm Coord, Office of CE, Turner Bldg, The 
Johns Hopkins Med Insts, 720 Rutland Ave, 
Baltimore, MD 21205; (410) 955-2959 


MINNESOTA 


Glaucoma: Mechanisms & Mgmt & William H. 
Knobloch Retina Symp At: Minneapolis 
Dates: 4/6/92 to 5/7/92 Contact: Becky Noren, 
Registrar, CME Educ, Univ of Minnesota Med 
Sch, Suite 107, Radisson Hotel Metrodome, 615 
Washington Ave SE, Minneapolis, MN 55455; 
(612) 626-7600 


NEVADA 


Symp on Complicated Keratoplasty, Surg Di- 
rectors Luncheon & Eye Bank Med Dir Sem 
At: Lake Tahoe Dates: 6/19/92 to 6/20/92 Con- 
tact: Eye Bank Assn of America Ine, 1001 
Connecticut Ave, NW, Suite 601, Washington, 
DC 20036; (202) 775-4999 


NEW YORK 


A Clin Day Ophthalmol: Ocular Manifestations 

of Systemic Dis At: Hast Elmhurst Date: 
5/20/92 Hrs Instr: 7 Reg Fee: $150, $75 for 
residents & fellows Sponsors: Dept of Oph- 
thalmol, Long Island Jewish Med Ctr, Dept of 
CE, The Long Island Campus for the Albert 
Einstein Coll of Med & the Dept of Ophthalmol, 
North Shore Univ Hosp/Cornell Univ Med Ctr 
Contact: Ann J. Boehme, CMP, Assoe Dir for 
CE, Long Island Jewish Med Ctr, New Hyde 
Park, NY 11042; (718) 470-8650 


Small Incision Cataract Surg/Phaco Workshop 
At: Garden City, NY (4/25/92), Kansas City, Mo 
(6/20/92), and Dallas (6/27/92) Contact: Barbara 
Keen, Storz Ophthalmies Ine, 3365 Tree Ct Ind 
Blvd, St Louis, MO 63122; (800) 325-9929 ext 
5539 


1992 Sigmund Schutz Visiting Professorship 
At: New York Dates: 4/24/92 to 4/25/92 Visiting 
Professor: Walter J. Stark, MD Contact: Kim- 
berly Corbin, Course Coord, Dept of Ophthal- 
mol, Manhattan Eye, Ear & Throat Hosp, 210 E 
64th St, New York, NY 10021; (212) 605-3761; 
FAX (212) 753-7699 


Phacoemulsification & Small Incision Lens Im- 

plantation Course At: New York Dates: 5/1/92 
to 5/2/92 Contact: Sylvia Sorrentino, Conf 
Coord, Inst for CME, The New York Eye & 
Ear Infirmary, Second Ave at Fourteenth St, 
New York, NY 10003; (212) 979-4430 or 979- 
4444 


The Second Ann Eyelid Rejuvenation Symp At: 
New York Dates: 5/8/92 to 5/9/92 Contact: Fran- 
cine Leinhardt, Coord, Manhattan Eye, Ear & 
Throat Hosp, 210 E 64th St, New York, NY 
10021; (212) 838-9200 ext 2776; FAX (212) 832- 
9126 


Phacoemulsification: Live Surg Symp & Wet 
Lab At: New York Dates: 6/5/92 to 6/7/92 Spon- 
sor: Manhattan Eye, Ear & Throat Hospital 
(MEETH) & Alcon Surg Ine Contact: Kimberly 
Corbin, Course Coord, Dept of Ophthalmol, 
MEETH, 210 E 64th St, New York, NY 10021; 
(212) 605-3761; FAX (212) 753-7699 


Glaucoma Surg in the 1990s At: New York 
Date: 6/6/92 Contact: Sylvia Sorrentino, Conf 
Coord, Inst for CME, The New York Eye & 
Ear Infirmary, Second Ave at Fourteenth St, 
New York, NY 10003; (212) 979-4480 or 979- 
4444 


NORTH CAROLINA 


North Carolina Soc of Ophthalmol (NCSO) Ann 
Mtg: Focus on Diabetes 2000 At: Asheville 
Dates: 4/23/92 to 4/25/92 Contact: Carol Russell, 
NCSO, PO Box 27167, Raleigh, NC 27611; (919) 
833-3836 

The Duke Univ Adv Vitreous Surg Course At: 
Durham Dates: 4/23/92 to 4/25/92 Reg Fee: 
$450, phys; $325, fellows Contact: George An- 
drews, Admin Coord, 1992 Duke Adv Vitreous 
Surg Course, Duke Univ Med Ctr, Box 3802, 
Durham, NC 27710; (919) 684-6743 


(Continued on p 572.) 
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THE NEWYORK 


INFIRMARY 


| SPECIALTY 
CARE 


PHACOEMULSIFICATION AND Friday & Saturday 


SMALL INCISION May 1-2, 1992 
LENS IMPLANTATION 

Richard J. Mackool, M.D., Course Director 

Director, The Mackool Eye Institute, Astoria, N.Y. 

Faculty: David Dillman, M.D., Henry Hirschman, M.D., 

Paul Koch, M.D., Richard J. Mackool, M.D., 

John Shepherd, M.D. 


Course will take place at The New York Eye and Ear Infirmary 


GLAUCOMA SURGERY Saturday 


IN THE 1990'S June 6, 1992 


Jeffrey Liebmann, M.D., Course Director 

Robert Ritch, M.D., Professor and Chief, Glaucoma Service 
Faculty: Theodore Krupin, M.D., Jeffrey Liebmann, M.D., 
Paul Palmberg, M.D., Ph.D., Robert Ritch, M.D., 

George Spaeth, M.D. 


Course will take place at the Grand Hyatt New York, NY, NY 


Category | CME credits apply to all courses listed. For further 
information please contact: Sylvia Sorrentino, Conference Coordinator, 
The New York Eye and Ear Infirmary, Second Ave. at Fourteenth St., 
New York, N.Y. 10003 Telephone 212-979-4430 or 979-4444. 


Screening Mammography | 
Guidelines | 


Women with 


Na Syraptoms 
Age: 

35-39 Basetine 
30-493 Every 1-2 years 
50 &up Every year 


a r in 


What will you tell her about 
screening mammography? 


Many of your patients will hear about screening mam 
mography through a program launched by the American 
Cancer Society and the American College of Radiology, and 
they may come to you with questions. What will you tell them? 

We hope you'll encourage them to have a screening 
mammogram, because that, along with your regular breast 
examinations and their monthly self examinations, offers the 
best chance of early detection of breast cancer, a disease which 
will strike one woman in 10. 

If you have questions about breast cancer detection for 
asymptomatic women, please contact us 
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PENNSYLVANIA 


Francis Heed Adler Lec At: Philadelphia Date: 
4/23/92 Speaker: Barbara Streeten, MD Topic: 
Dislocation of the Lens: At Last Some Break- 
throughs Contact: Charlotte Beurer, Scheie Eye 
Inst, 51 N 39th St, Philadelphia, PA 19104; (215) 
662-8141 


Annual Alumni Mtg & Univ of Pennsylvania 
Oculoplastic Fellows Symp: Anatomic Eyelid 
Surg At: Philadelphia Dates: 4/24/92 to 4/25/92 
Hrs Instr: 11 Reg Fee: $125 Contact: Charlotte 
Beurer, Scheie Eye Inst, 51 N 39th St, Philadel- 
phia, PA 19104; (215) 662-8141 


Corneal Distrophies: Case Presentations & 
Discussion At: Philadelphia Date: 5/9/92 Hrs 
Instr: 3 Reg Fee: None Contact: Lucia Manes, 
Wills Eye Hosp, 900 Walnut St, Philadelphia, 
PA 19107; (215) 440-3168 


Adv Orbital Surg: Techniques & Prac Experi- 
ence At: Pittsburgh Dates: 5/1/92 to 5/2/92 Hrs 
Instr: 12 Reg Fee: $950 Contact: CME, Alle- 
ghany Gen Hosp, 320 E North Ave, Pittsburgh, 
PA 15212-9986; (412) 359-4952 


TEXAS 


Brooke Army Med Ctr & San Antonio Soc of 
Ophthalmol: Medicolegal Issues in Ophthal- 
mol At: San Antonio Dates: 5/7/92 to 5/8/92 Hrs 
Instr: 11 Contact: William C. Lloyd III, MD, 
Box 340042, San Antonio, TX 78234-0042; (512) 
221-2020 


The Texas Ophthalmic Prac Mgmt Symp: 
Pearls on How to Survive in the 90s for Prac 
Ophthalmologists, Ophthalmic Technicians, 
Office Administrators & Office Staff At: San 


Antonio Sponsor: Texas Ophthalmological Assn 
Pub & Prof Information Comm Contact: Sandy 
Choate, Texas Ophthalmological Assn, 401 W 
15th St, Austin, TX 78701-1680; (512) 370-1504 


VIRGINIA 


Ann Mtg, Virgina Soc of Ophthalmol At: Rich- 
mond Dates: 5/15/92 to 5/16/92 Contact: Donna 
Seott, 4205 Dover Rd, Richmond, VA 23221; 
(804) 353-2721 


WASHINGTON 


Diabetic Eye Disease—Past, Present & Future 

At: Seattle Dates: 4/24/92 to 4/25/92 Hrs Instr: 
9.75 Contact: Univ of Washington Sch of Med, 
Office of CME, 1325 Fourth Ave, Seattle, WA 
98101; 1 (800) 869-2633 or (206) 543-1050 


WEST VIRGINIA 


45th Ann Nat! Spring Mtg of the West Virginia 
Acad of Ophthalmol At: White Sulphur Springs 
Dates: 4/23/92 to 4/26/92 Contact: Patricia Schu- 
mann, Conf Coord, Dept of Ophthalmol, West 
Virginia Univ Health Sci Ctr N, Morgantown, 
WV 26506; (804) 293-3757 


WISCONSIN 


Ann Eye Inst Mtg At: Milwaukee Dates: 6/12/92 
to 6/13/92 Sponsor: Med Coll of Wisconsin & the 
Wisconsin Acad of Ophthalmol Contact: D. Han, 
MD, Eye Inst, Med Coll of Wisconsin, 8700 W 
Wisconsin Ave, Milwaukee, WI 53226; (414) 257- 
5341 


FOREIGN 


IXth Congress of the European Soc of Ophthal- 
mol & First Mtg With the European Acad of 
Ophthalmol At: Brussels, Belgium Dates: 
5/23/92 to 5/28/92 Contact: Congress Ophthalmol 
1992, Brussels Internatl Conf Ctr, Belgieplein— 
Place de Belgique, B-1020 Brussels, Belgium; 
+ (32) 2 477 04 78; FAX + (32) 2 477 03 93 


Canadian Implant Assn 18th Ann Mtg At: 
Montreal, Quebec, Canada Dates: 6/12/92 to 
6/14/92 Contact: Marvin L. Kwitko, MD, Prgm 
Chairman, 5591 Céte des Neiges Rd, Suite 1, 
Montreal, Quebec, Canada, H3T 1Y8; (514) 735- 
1133 


Workshop on the Intraocular Devices & Con- 
tact Lenses At: Berlin, Germany Date: 4/26/92 
Contact: Dr Piera Versura, Inst of Ophthalmol, 
Via Massarenti 9, 40138 Bologna, Italy; tele- 
phone & FAX +51 342821 


First Internat! Skull Base Congress At: Hanno- 
ver, Germany Dates: 6/14/92 to 6/20/92 Contact: 
Prof Dr M. Samii, Dir of the Clin of Neurosurg, 
Krankenhaus Nordstadt, Haltenhoffstr. 41, D- 
3000 Hannover 1, Germany; 0049-(0) 511-76 38 
178 or -76 38 606 


Radiology/Ophthalmol: A Tutorial in Scotland 

& Ireland At: St Andrews, Scotland (5/24/92 to 
5/27/92) & Dublin, Ireland (5/27/92 to 5/29/92) 
Dates: 5/24/92 to 5/29/92 Hrs Instr: 30 Sponsor: 
Dept of Radiology, Cornell Univ Med Coll-NY 
Med Coll Contact: Julia Mala, Dept of Radiolo- 
gy, CUMC/NYH, 520 E 70th St, New York, NY 
10021; (212) 746-2520 


Adv Ophthalmic Laser Therapy: Second Inter- 
nati Trng Course At: Interlaken, Switzerland 
Dates: 6/10/92 to 6/13/92 Contact: Kugler Publ 
bv, Congress Dept, PO Box 516, NL-1180 AM 
Amstelveen, the Netherlands, (+31.20) 627- 
8070; FAX (+31.20) 638-0524 & Kugler Publ bv, 
Congress Dept, PO Box 1498, New York, NY 
10009-9998; (212) 447-1970; FAX (212) 477-0181 








| BASIC SCIENCE COURSE 
wn OPHTHALMOLOGY 





Stanford, CA 94305-5308. 





Learn the fundamentals of ophthalmology, through intensive lecture and laboratory work, at beautiful 
Stanford University near San Francisco. Both American and foreign participants are welcome. 


Sections include Anatomy, Microbiology and External Diseases, Pathology, Retinal Physiology and 
Biochemistry, Embryology, Genetics, Motility, Glaucoma, Pharmacology, Neuro-ophthalmology, 
Fluorescein Angiography, Optics and Theory of Refraction, and other important shorter subjects. 


Instructors include Doctors C. Beard, J. Bettman, D. Char, C. Dawson, D. Demartini, R. Dryden, 
P. Egbert, J. Eliason, M. Fishman, A. Flach, D. Guyton, J. Hetherington, C. Hoyt, M. Marmor, 
G. Paris, H. Schatz, A. Scott, W. Scott, T. Shults, G. Smolin, W. Spencer, S. Williams and many 


other enthusiastic teachers on the faculty of 60. 


Sponsored by the Department of Ophthalmology, Stanford University School of Medicine and 
presented in cooperation with the University of California, Davis; Pacific Presbyterian Medical 
Center; and the University of California, San Francisco. 
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Tuition is $1850. Students may arrange to attend individual sections or divide the course between 
two years. For further information and application forms, please write to Basic Science Course; 
P.R. Egbert, M.D., Director; Department of Ophthalmology, A-157; Stanford Medical Center; 




































William L Annable, MD 
David S Bardenstein, MD 
William E Bruner II, MD 
Edward N Burney, MD 
William E Cappaert, MD 
Alexander Dybbs, PhD 
Kay Ellen Frank, MD 





A Celebration in Honor of the 
New Department of Ophthalmology 


and Edward W. Purnell, M.D. 


sponsored by Department of Ophthalmology 
Case Western Reserve University School of Medicine 


Friday, May 29, 1992 
Stouffer Tower City Plaza Hotel, Cleveland, Ohio 


Guest Faculty 
D Jackson Coleman, MD, Cornell Medical Center 
Yale L Fisher, MD, Cornell-NY Hospital 
Arthur H Keeney, MD, University of Louisville 
Karl C Ossoinig, MD, University of Iowa 
Michael A Wainstock, MD, Wayne State University 


CWRU Faculty 
Jonathan H Lass, MD, Program Chairman 


Edward Holasek, BS 

Wayne D Jennings, PhD 
Edward L Kean, PhD 
James J Plantner, PhD 
Edward W Purnell, MD 
William J Reinhart, MD 
Robert L Tomsak, MD, PhD 


Course fee: $125 è Category 1 credit hours: 7 


For more information call Educational Mtg Mgmt at (216)229-2600 





"Advances in Cornea 
and External Disease" 


Friday May 15, 1992 
Stouffer Harborplace Hotel 
Baltimore, Maryland 


The Krieger Eye Institute of Sinai 
Hospital of Baltimore will hold an 
all-day symposium entitled "Ad- 
vances in Cornea and External Dis- 
ease on Friday, May 15, 1992 at the 
Stouffer Harborplace Hotel, Balti- 
more, Maryland. Peter Laibson, MD 


Zanvyl Krieger Lecture. For further 
information write Carol Altman, 
Program Coordinator, Krieger Eye 
Institute, 2411 West Belvedere Av- 
enue, Baltimore, Maryland 21215; 
Tel: (410) 578-5431; Fax: (410) 578- 
6284 
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= 
acetazolamide _ Sustained Release Capsules 500 mg 


Diamox’ Parenteral 


sterile acetazolamide sodium 


` Brief Summary 
DIAMOX® acetazolamide 
SEQUELS‘, Tablets and Parenteral 


Please see package insert for full Prescribing Information. 


INDICATIONS: Tablets and Parenteral only: For adjunctive treat- 
ment of edema due to congestive heart failure; drug-induced edema; 
centrencephalic epilepsies (petit mal, unlocalized seizures). All 
forms: chronic simple (open-angle) glaucoma, secondary glaucoma, 
and preoperatively in acute paris denne laucoma where delay of 
surgery is desired in order to lower intraocular pressure. For preven- 
tion or amelioration of acute mountain sickness symptoms in 
climbers attempting rapid or gradual ascent. 

CONTRAINDICA’ IONS 

When sodium and/or potassium serum levels are depressed, in 
marked kidney and liver disease or dysfunction, including cirrhosis, 
suprarenal gland failure, and hyperchloremic acidosis. Long-term 
use in chronic noncongestive angle-closure glaucoma. 

WARNINGS 

DIAMOX can cause fetal harm when administered to pregnant 
women. There have been reports of premature delivery and congeni- 
tal anomalies. Administered orally or parenterally, DIAMOX has 
been shown to be teratogenic (defects of limbs) in mice, rats, ham- 
sters, and rabbits. If used during pregnancy, or if the patient becomes 
pregnant while taking DIAMOX, she should be apprised of the poten- 
tial hazard to the fetus. 

Fatalities have occurred (rarely) due to severe reactions to sulfon- 
amides including Stevens-Johnson syndrome, toxic epidermal 
necrolysis, fulminant hepatic necrosis, agranulocytosis, aplastic ane- 
mia, and other blood dyscrasias. Sensitizations may recur when read- 
ministered, irrespective of administration route. Discontinue use if 
signs of hypersensitivity or other serious reactions occur. 

Caution is advised for patients on concomitant high-dose aspirin, 
as anorexia, tachypnea, lethargy, coma, and death have been 
reported. 

PRECAUTIONS 

Increasing the dose may increase drowsiness and paresthesia and 

decrease diuresis. 
Information for Patients: Adverse reactions common to all sulfon- 
amide derivatives may occur: anaphylaxis, fever, rash (including ery- 
thema multiforme, Stevens-Johnson syndrome, toxic epidermal 
necrolysis), crystalluria, renal calculus, bone marrow depression, 
thrombocytopenic purpura, hemolytic anemia, leukopenia, pancy- 
topenia, agranulocytosis. Early detection is advised and, if such 
occurs, discontinue drug and institute appropriate therapy. Use with 
caution in patients with pulmonary obstruction or emphysema. 
DIAMOX use does not obviate the need for prompt descent if severe 
symptoms of high altitude sickness occur. 

Caution is advised for patients receiving concomitant high-dose 
aspirin and DIAMOX, as anorexia, tachypnea, lethargy, coma, and 
death have been reported (see WARNINGS). 

Laboratory Tests: To monitor for hematologic reactions common to 
all sulfonamides, obtain baseline CBC and platelet count before 
beginning DIAMOX therapy and at regular intervals during therapy. 
If significant changes occur, discontinue and institute appropriate 
therapy. Monitor for serum electrolytes. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long- 
term animal studies to evaluate the carcinogenic potential of 
DIAMOX have been conducted. In a bacterial mutagenicity assay, 
DIAMOX was not mutagenic when evaluated with and without 
metabolic activation. The drug had no effect on fertility when given 
in the diet to male and female rats at a daily intake of up to 4 times 
the maximum recommended human dose of 1000 mg in a 50 kg 
individual. 

Pregnancy: Pregnancy Category D: (See WARNINGS.) 

Nursing Mothers: Because of potential for serious adverse reactions 
in nursing infants, a decision should be made whether to discontinue 
nursing or the drug. 

Pediatric Use: The safety and effectiveness of DIAMOX in children 
have not been established. 

ADVERSE REACTIONS 

Short-term therapy: paresthesia, particularly a “tingling” feeling 
in the extremities; some loss of appetite, polyuria, drowsiness, confu- 
sion, tinnitus, taste alteration, and GI disturbances such as nausea, 
vomiting, and diarrhea. Metabolic acidosis and electrolyte imbalance 
may occur. Transient myopia has been reported, but subsides when 
drug is discontinued. Other: (occasional) urticaria, melena, hema- 
turia, glycosuria, hepatic insufficiency, flaccid paralysis, convulsion. 
Fatalities have occurred (rarely) due to severe reactions to sulfon- 
amides including Stevens-Johnson syndrome, toxic epidermal 
necrolysis, fulminant hepatic necrosis, agranulocytosis, aplastic ane- 
mia, and other blood dyscrasias (see WARNINGS). 
OVERDOSAGE 

No data are available regarding DIAMOX overdosage in humans. 
Animal data suggest that it is remarkably nontoxic. No specific anti- 
dote is known. Treatment should be symptomatic and supportive. For 
complete OVERDOSAGE and DOSAGE AND ADMINISTRATION, 
see package insert. Rev. 1/90 
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The American Medical Association 
and the National Health Lawyers Association 


present 


Physician's 





Legal Pitfalls and Solutions 


The best physician’s 
handbook on the legal risks 
of medical practice 


Physician’s Survival Guide is 
written especially for the nonlegal 
professional, providing practical 
guidance on avoiding the myriad 
pitfalls in the physician’s legal 
environment. It’s a must-read for practicing physicians, 
physician administrators and their advisors. 

From referral practices to reimbursement, your practice 
environment is becoming more complex. Today, you need 
to arm yourself with the right knowledge about the law, your 
rights and your liabilities ...and you can, with Physician's 
Survival Guide. 

Only the American Medical Association and the 
National Health Lawyers Association could join forces to 
create such an authoritative broad-range survey of the 
complex legal issues facing today’s physician, including: 

e Critical care decision- 
making 

e Fraud, abuse and To order immediately, 
sanctions call 1-800-621-8335. 


e Hospital contracts 

e Malpractice 

e Antitrust law 

e Employment discrimination 
e Joint ventures pitfalls. 














Don’t wait. 
Understand the law! 


Use your Visa, Mastercard, 
American Express or Optima 
card and order by phone 
1-800-621-8335. 

Have your card handy. 


For more information, return this coupon to: 
Office of the General Counsel, 

American Medical Association, 

515 N. State Street, Chicago, IL 60610. 


Send me more information about ordering my copy of 
Physician's Survival Guide: Legal Pitfalls and Solutions. OP631091 


AMA Member—$40 Nonmember—$50 
Plus applicable state sales tax. 
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Act before the 







Change in IOP % 


Apraclonidine 
hydrochloride 






2hr 3hr 
Interval after capsulotomy 


After neodymium-YAG posterior capsulotomy, mean 
intraocular pressure (IOP) rose to a maximum 31% 
increase over baseline pressure in placebo- -treated eyes and 
decreased 20% in IOPIDINE-treated eyes.’ 


Only two drops needed. One 
drop in the scheduled operative 
eye one hour before surgery, one 
drop after surgery. 


post-YAG spike 







Now IOPIDINE® solution has been shown to be safe 
and effective in reducing or preventing acute IOP 
elevations frequently associated with neodymium-YAG 
posterior capsulotomies.'* IOPIDINE solution is 
already recognized for effectively controlling or 
preventing postsurgical IOP spikes following argon 
laser trabeculoplasty and iridotomy.” This new 
indication promises to make IOPIDINE solution even 
more valuable to the ophthalmic laser surgeon. 


IOPIDINE 


APRACIONDINE HYDROCHLORIDE} 


1% As Base Sterile Ophthalmic Solution 


Alcon 


Alcon Surgical, Inc., 6201 South Freeway, Fort Worth, TX 76134 
1-800-TO ALCON (1-800-862-5266) 


SURGICAL 


IOPIDINE ophthalmic solution has 
minimal effect on heart rate and blood 


Innovation pressure; however, caution should 


be observed in treating patients with 
severe cardiovascular disease including 
hypertension. See Precautions and 
Adverse Reactions. 


©Copyright, Alcon Surgical, Inc., 1990 


BSS 009 Without : 
Compromise 


Please see references and brief summary of prescribing 
information on the next page 
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Brief Summary 


IOPIDINE ° 
(apracionidine hydrochloride) 
1% As Base 

Sterile Ophthalmic Solution 


DESCRIPTION 
JOPIDINE® Ophthalmic Solution contains apraclonidine hydrochloride, an alpha adrenergic agonist, in a 
sterile isotonic solution for topical application to the eye. 


INDICATIONS AND USAGE 

IOPIDINE (apraclonidine hydrochloride) Ophthalmic Solution is indicated to control or prevent postsurgi- 
cal elevations in intraocular pressure that occur in patients after argon laser trabeculoplasty, argon laser 
iridotomy or Nd:YAG posterior capsulotomy. 


CONTRAINDICATIONS 
JOPIDINE Ophthalmic Solution is contraindicated for patients receiving monoamine oxidase inhibitor ther- 
apy and for patients with hypersensitivity to any component of this medication or to clonidine. 


PRECAUTIONS 

General 

Since IOPIDINE Ophthalmic Solution is a potent depressor of intraocular pressure, patients who develop 
exaggerated reductions in intraocular pressure should be closely monitored. 

Although the acute administration of two drops of IOPIDINE Ophthalmic Solution has minimal effect on 
heart rate or blood pressure in clinical studies evaluating patients undergoing anterior segment laser 
surgery, the preclinical pharmacologic profile of this drug suggests that caution should be observed in 
treating patients with severe cardiovascular disease including hypertension. 

The possibility of a vasovagal attack occurring during laser surgery should be considered and caution 
used in patients with history of such episodes. 

Topical ocular administration of two drops of 0.5%, 1.0% and 1.5% IOPIDINE Ophthalmic Solution to New 
Zealand Albino rabbits three times daily for one month resulted in sporadic and transient instances of 
minimal corneal cloudiness in the 1.5% group only. No histopathological changes were noted in those 
eyes. No adverse ocular effects were observed in cynomolgus monkeys treated with two drops of 1.5% 
IOPIDINE Ophthalmic Solution applied three times daily for three months. No corneal changes were 
observed in 320 humans given at least one dose of 1.0% IOPIDINE Ophthalmic Solution. 

Drug Interactions 

Interactions with other agents have not been investigated. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

In a variety of in vitro cell assays, apraclonidine was nonmutagenic. Studies addressing carcinogenesis 
and the impairment of fertility have not been conducted. 

Pregnancy Category C 

There are no adequate and well controlled studies of IOPIDINE Ophthalmic Solution in pregnant women. 
Animal reproduction studies have not been conducted with apracionidine hydrochloride. This medication 
should be used in pregnancy only if the potential benefit to the mother justifies the potential risk to the 
fetus. 

Nursing Mothers 

It is not known if topically applied IOPIDINE Ophthalmic Solution is excreted in human milk. A decision 
should be considered to discontinue nursing temporarily for the one day on which IOPIDINE Ophthalmic 
Solution is used. 

Pediatric Use 

Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
The following adverse events were reported in association with the use of IOPIDINE Ophthalmic Solution 
in laser surgery: ocular injection (1.8%), upper lid elevation (1.3%) , irregular heart rate (0.7%), ocular 
inflammation (0.45%), nasal decongestion (0.45%), conjunctival blanching (0.4%) and mydriasis (0.4%). 
The following adverse events were observed in investigational studies dosing IOPIDINE Ophthalmic 
Solution once or twice daily for up to 28 days in nonlaser studies: 
Ocular; Conjunctival blanching, upper lid elevation, mydriasis, burning, discomfort, foreign body 
sensation, dryness, itching, hypotony, blurred or dimmed vision, allergic response, conjunctival 
microhemorrhage 
Gastrointestinal; Abdominal pain, diarrhea, stomach discomfort, emesis 
Cardiovascular; Bradycardia, vasovagal attack, palpitations, orthostatic episode 
: Insomnia, dream disturbances, irritability, decreased libido 
Other: Taste abnormalities, dry mouth, nasal burning or dryness, headache, head cold sensation, 
chest heaviness or burning, clammy or sweaty palms, body heat sensation, shortness of breath, 
increased pharyngeal secretion, extremity pain or numbness, fatigue, paresthesia, pruritus not 
associated with rash 


DOSAGE AND ADMINISTRATION 

One drop of IOPIDINE Ophthalmic Solution should be instilled in the the scheduled operative eye one 
hour before initiating anterior segment laser surgery and a second drop should be instilled to the same 
eye immediately upon completion of the laser surgical procedure. Use a separate container for each sin 
gle-drop dose and discard each container after use. 


HOW SUPPLIED 

IOPIDINE (apracionidine hydrochloride) Ophthalmic Solution 1% as base is a sterile, isotonic, aqueous 
solution containing apraclonidine hydrochloride. Supplied as follows: 0.25 mL in plastic ophthalmic dis- 
pensers, packaged two per pouch. These dispensers are enclosed in a foil overwrap as an added barri- 
er to evaporation. 0.25 mL: NDC 0065-0660-25 


STORAGE 

Store at room temperature. Protect from light. 
U.S. Patent No. 4,517,199 

Jointly Manufactured By: Alcon Laboratories, Inc. 
Fort Worth, Texas 76134 USA 

and 

Automatic Liquid Packaging Corp. 

Arlington Heights, Illinois 60005 


Alcon 


SURGICAL 
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wasn't equipped with a special phone. But now, thanks to the Americans with 

Disabilities Act, phone companies furnish relay services to anyone who needs them. 

Its the kind of thing you might take for granted, but to someone who’ never been 

able to, ordering a pizza can be a pretty historic act. Support Easter Seals. Ue 


Ittook anact of Congress 
to order this pizza. 


Until recently, if you had a hearing disability, you couldn't call anyone who Ap 
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CHRISTIAN OPHTHALMOLOGY SOCIETY 





Sixteenth Annual Meeting 
JUNE 14-17, 1992 
DURANGO, COLORADO 


Doctor - here is the meeting you have been waiting for! Where else can you go to 
experience a beautiful and scenic location - attend a meeting specifically aimed at your 
entire family with great facilities for spouses and children - meet with other 
ophthalmologists who love the Lord and who realize that our nation desperately needs a 
true revival - get your spiritual battery recharged from the professional burnout now pulling 
you down - and still get to hear: 


Uveal Melanoma: Zimmerman-McLean Revisited 


James A. Augsburger, MD 


Glenn O. Brindley, MD - Oculoplastics Update: Ectropion 

John A. Costin, MD - The Future of Cataract Surgery 

William H. Jarrett II, MD - Retinal Update 

Walter M. Jay, MD - Optic Nerve Sheath Decompression for ION 
Edward W.D. Norton, MD - Selected Topics in Ophthalmology 

Paul Palmberg, MD, PhD - Glaucoma Surgery 1992 

James J. Rowsey, MD - Ethical Interviewing 

William E. Smiddy, MD - Macular Hole Surgery / Diode Laser 


Plus many other excellent speakers, testimonies, with wonderful music and knock-out 
food as well? Grants are available for medical students, residents, and others in need - to 
help with your expenses, so don’t stay away because of finances! 

"This program is designed to be of interest to practicing physicians. The presentations 
include innovative diagnostic and treatment approaches to common ophthalmologic 
problems. Mercy Medical Center is accredited by the Accreditation Council for Continuing 
Medical Education (ACCME) to sponsor continuing medical education for physicians. Mercy 
Medical Center designates that this Continuing Medical Education offering also meets the 
criteria for 4.5 credit hours of Category 1 as outlined by the American Medical Association 
for the Physician’s Recognition Award. Co-sponsored by Mercy Medical Center." 

For details, copies of the program, or other information, contact: 


David W. Bishop, M.D. 
1715 Forest Avenue 
Durango, Colorado 81301 
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CLASSIFIED 
INFORMATION 
Regular Classified 1 Time 3 times 
Cost per word $1.15 os $1 105 


Minimum ad: 20 words per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered one 
word, each abbreviation is considered one word, 
and figures consisting of a dollar sign and five 
numerals or less are considered one word. 
Cities and states consisting of two words or 
more are counted as one word: i.e., "New York" 
and "Salt Lake City". Zip code is considered one 
word and must appear in all ads. Telephone 
number with area code is considered one word. 
When box numbers are used for replies, the 


words "Box — , c/o AOP" are to be counted as 
three words. 
Classified Display 1 Time 3 times 
or more* 
Full page $688 $633 
Two-thirds page 589 542 
One-half page 520 479 
One-third page 413 380 
One-sixth page 275 253 
Column inch 105 85 


Minimum display ad: one column inch 
12-time and 24-time rates available on request. 


Display Production Charge: The publication will 
pub-set advertisements upon request. The 
typesetting fee is 10% of the one-time ad cost 
shown above. Special requests will be billed to 
the advertiser and/or agency at the then 
prevailing rates. 


Box Service 


Available for all ads. The cost is $20.00 for the 

first issue only. Responses to your ad will be 

consolidated in our office and promptly mailed 
\ directly to you. 


{ Closing Date 


The 25th of the second month prior to issue 
| date. Example: The November issue closes 
| September 25th. No ads can be cancelled after 

the closing date 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 
OF 


Ophthalmology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 @ 813-443-7666 





‘assified Advertising 


All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or 
related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about "BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, c/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 


Professional Opportunities 


OUTSTANDING NEW PRACTICE opportunity with 
excellent visibility/accessibility in an ideal location 
on major highway in modern professional building. 
Nice medium-sized community offering rapid 
practice growth. Multi-hospital facilities within 20 
mile radius. Dr. Steven Abrams, 140 Route 46, 
Budd Lake, NJ 07828. (201) 691-8200. 
Clinic The Moses Lake Clinic, a divi- 


E sion of Wenatchee Valley Clinic, 


is seeking a general ophthalmologist to join a busy estab- 
lished practice. Excellent surgical volume. Guaranteed 


Moses OPHTHALMOLOGIST 
Lake WASHINGTON 


salary and partnership track available. Excellent benefit 
package. Family oriented community with a large rural 
service area. Abundant four-season recreational oppor- 


tunities. Contact: 
D. Kearns, MD 
Moses LAKE CLINIC 


840 Hill Avenue, Moses Lake, WA 98837 





NEUROPHTHALMOLOGIST — Neurophthalmologist 
sought for position at Newark Eye and Ear Infirmary, 
an affiliate of the University of Medicine and 
Dentistry of New Jersey. High volume referral base. 
Please send CV to: Anthony R. Caputo, MD, 
Director Newark Eye and Ear Infirmary, United 
Hospitals, 15 South Ninth Street, Newark, NJ 07107. 


ESTABLISHED PRACTICE in Kentucky, expanding 
to three ophthalmologists, seeks well-trained, ethical 
associate. This private practice has superb practice 
environment with new facility, well-trained staff and 
excellent equipment. Ideal family setting in small 
university town with beaucoup de recreation. If 
interested, please send CV and personal cover letter 
to: Box #625, c/o AOP. 


NORTHERN CALIFORNIA — The Permanente 
Medical Group, Inc. is seeking BC/BE medical 
ophthalmologists for three part-time positions in the 
immediate San Francisco Bay area. Practice is both 
hospital and clinic-based with hours ranging from 
sixteen to thirty per week. California license required. 
Send CV to: Holly Ruehlin, TPMG, Physician 
Recruitment Services, 1814 Franklin, 4th Floor, 
Oakland, CA 94612-3497 or call: (800) 777-4912. 
EOE. 


VITREORETINAL SURGEON 


Texas Gulf Coast vitreoretinal group 
practice is seeking a BC/BE vitreoretinal 








surgeon with two years of fellowship 

training or equivalent. Association would 

progress to full partnership. Send CV to: 
Box #662, c/o AOP. 





RETINA-VITREOUS: Solo retina practice oppor- 
tunity with attractive salary and benefit package 
leading to ownership. This is an ideal opportunity for 
ambitious fellowship trained surgeon to build a large 
practice on an existing referral base. Reply with 
resume to: Box #665, c/o AOP. 


RETINA-VITREQUS: Retina practice spinning off 
satellite office in community with major medical 
center. Must have excellent residency and fellowship 
training. Reply with resume to: Box #666, c/o AOP. 


OPHTHALMOLOGIST - Central California, large 
volume, well established, well respected. ASC and 
clinic. New, modern facility and equipment potential 
for significant anterior segment surgery. Early 
partnership. Send CV to: Frederick A. Richburg, MD, 
Valley Eye Institute, 1680 East Herndon Avenue, 
Fresno, CA 93720. 











Professional Opportunities 


VITREO-RETINAL SURGEON: Well established, 
high volume retina practice in major mid-Atlantic 
community is seeking a vitreo-retinal surgeon. Two 
year fellowship required with BC/BE. Excellent 
salary and benefit package leading to partnership. 
Academic affiliation available. Send CV to: Box 
#672, c/o AOP. 


MASSACHUSETTS (Western): One retinal surgeon 
and one ophthalmologist. Career opportunity 
available in the Amherst-Springfield area with the 
nation's largest physician-managed partnership. We 
offer a comprehensive benefits package, share- 
holder participation, and the collaborative support of 
knowledgeable colleagues in multi-specialties. Send 
your CV to: Stacy Lundin, MD, Northeast Permanente 
Medical Group, 76 Batterson Park Road, Farm- 
ington, CT 06034-4011. Or call: (800) 362-7073. 


INTERNATIONAL OPPORTUNITY — BC ophthal- 
mologist for hospital based in-outpatient practice in 
small Arabic country. Good salary, benefits, lifestyle. 
Gibson Associates, 113 Homestead Road, Ithaca, 
NY 14850. (607) 272-4036. 


NORTHERN CALIFORNIA — Great location! 
General ophthalmology private practice. Academic 
appointment available. Quality colleagues. Contact: 
Carol Westfall, Cejka & Company, 222 South 
Central Avenue, Suite 700, St. Louis, MO 63105. 
Telephone: (800) 765-3055. FAX: (314) 726-3009. 














Oculoplastic/ 
Comprehensive 
Ophthalmologist 


hriving Ohio practice consisting of 

five subspecialty ophthalmologists 
is seeking oculoplastic trained 
physician with phako experience or 
capability. 


Yag, Argon/Krypton lasers and 
surgical suite. Excellent benefits and 
equitable practice buy-in for full 
partnership. 


Applicants should be board-certified 
or -eligible with good surgical skills 
and patient rapport. 


Send curriculum vitae, list of refer- 
ences and other support information to: 


Alliance Eye Clinic 


Philip C. Roholt, MD 
985 Sawburg 
Alliance, Ohio 44601 
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Professional Opportunities 


VITREO-RETINAL SURGEON: Florida — Desirable 
coastal metropolitan area, 100% retina-vitreous 
referral practice, wants associate leading to part- 
nership. Reply with CV to: Box #671, c/o AOP. 


WARM AND SUNNY ARIZONA — Thomas-Davis 
Medical Centers, a rapidly expanding multi-specialty 
group practice of 170+ physicians is seeking a 
career oriented BC/BE retina specialist for Tucson. 
Great benefits, profit sharing and guarantee for first 
two years, plus incentive pay and early 
shareholdership. Fee-for-service, plus HMO. Call or 
write: Dee Pones (800) 658-9166. TDMC, P.O. Box 
12650, Tucson, AZ 85732. 





Positions Wanted 


MEDICAL RETINA - Board-certified, fellowship 
trained, experienced retina specialist seeking 
medical retina position. Interested in joining a retina 
group practice or large multi-specialty group 
practice. Please send responses to: Box #660, c/o 
AOP. 


INFECTIOUS DISEASE FELLOW with ophthalmic 
research publications. Ophthalmology residency 
training abroad. Seeking research position/fellow- 
ship/residency. Available immediately. Reply: Box 
71862, New Orleans, LA 70172. Telephone: (504) 
461-0156. 





Fellowships 


CORNEA FELLOWSHIP: A fifty-three week fellow- 


ship in cornea and external disease is offered which 
will provide significant medical and surgical training. 
Surgical experience will include corneal transplan- 
tation, intraocular lens exchange, keratomileusis, 
lamellar keratoplasty procedures, hydrogel inlays, 
and keratoprosthesis. Involvement in current and 
new research activities is encouraged. Interested 
applicants contact: Francis W. Price, Jr., MD, or 
William E. Whitson, MD, Corneal Consultants of 
Indiana, 9002 North Meridian Street, Suite 100, 
Indianapolis, IN 46260. 


Miscellaneous 


BLEPHAROSPASM RESEARCH funds available — 
The Benign Essential Blepharospasm Research 
Foundation announces the availability of research 
grants providing up to $100,000 support for research 
relevant to the cause and treatment of blepharo- 
spasm and Meige's syndrome. The deadline is 
September 1, 1992. For further information and 
applications, please write to: The Benign Essential 
Blepharospasm Foundation, Inc., P.O. Box 12468, 
Beaumont, TX 77726-2468. 


— CALL FOR PAPERS - 


The International Conference 
on Physician Health 
to be held 
January 28-31, 1993 
in Scottsdale, Arizona 


is accepting abstracts addressing topics relat- 
ed to physician health including AIDS, the HIV 
positive physician, problems related to aging, 
health promotion among physicians, mental 
illness, physical disability, and substance abuse 
among physicians. Possible topics for presen- 
tation include: Incidence of health problems, 
treatment issues, and legal implications of these 
disorders. 


Abstracts which address issues related to 
these topics, but not dealing specifically with 
physicians are also welcome. 


Submission Deadline: June 15, 1992. 


Contact: 


Patrick McGuffin, PhD 
American Medical Association 
Department of Mental Health 
515 North State Street, Chicago, IL 60610 
(312) 464-4064 


FELDMAN ENDOWED CHAIR 
_ DEPARTMENT OF OPTHALMOLOGY 
JULES STEIN EYE INSTITUTE 
UCLA SCHOOL OF MEDICINE 


| The Department of Opthalmology and the 
_ Jules Stein Eye Institute, UCLA School of 
| Medicine, invite nominations and 

applications for the Charles Kenneth 


| Feldman Endowed Chair. We are 


= searching for a recognized expert in 


| retinovitreal diseases. The applicant should 
_ have extensive clinical experience in the 


| diagnosis as well as the medical and 
surgical management of retinovitreal 


_ diseases. The applicant also should have a 
| strong background in clinical and 


laboratory research. Responsibilities 
include participation in education, patient 
care and research activities of the Retina 
Division. 


: App ianh should send CV and the names 
of at least three references to: 


Bartly J. Mondino, MD 

Vice Chairman 

Department of Opthalmology 
Jules Stein Eye Institute 

UCLA School of Medicine 

100 Stein Plaza 

Los Angeles, CA 90024-7003 


UCLA is an equal opportunity 
and affirmative action employer 


A couple of thank you 
notes from Locum 
Tenens physicians. 


Choose from 
hundreds of 
opportunities 
from two 
weeks to 

one year- 
nationwide. 


1-800-272-2707 Ext. 55 


JACKSON anD COKER 
LOCUM TENENS DIVISION 


115 Perimeter Center Place / Suite 380-AOLT2 / Atlanta, GA 30346 


Faculty Positions 


PEDIATRIC OPHTHALMOLOGIST - Assista 
Associate Professor, University at Buffalo, School 8 
Medicine and Biomedical Sciences, Department of 
Ophthalmology, is seeking a second full-time aca- 
demic pediatric ophthalmologist. Strong commitment 
to resident and medical student teaching, research, 
and faculty practice. Successful completion of pedi- 
atric fellowship training and BE/BC required. Reply 
with CV to: William H. Coles, MD, MS, Professor and 
Chairman, University at Buffalo, Erie County Medical 
Center, 462 Grider Street, Buffalo, NY 14215. 
AA/EEO employer. 





University of Washington 


Full-time academic position at the University of 
Washington and Seattle Veteran's Affairs Medical 
Center includes teaching, research and patient 
care. Candidates must have completed an 
accredited ophthalmology residency. Phaco- 
emulsification experience is necessary. Additional 
fellowship training in glaucoma and/or cornea/ 
external disease and certification by American 
Board of Ophthalmology is highly desirable. 
Effective start date negotiable. Faculty rank and 
salary dependent upon qualifications. An Affirmative 
Action/Equal Opportunity Employer. Contact: 


James Orcutt, MD, PhD 
Department of Ophthalmology RJ-10 


UNIVERSITY OF WASHINGTON 
Seattle, WA 98195 


Practices Available 


SOLO PRACTICE — General ophthalmology. 
Profitable high per capita income, west Texas, 
Modern office equipment, minor operating suite, 
microscope, ultra sound, micro surgical instruments. 
Two hospitals, good schools, college and university. 
High practice expansion potential in pediatrics and 
surgery. Box #635, c/o AOP. 


FOR SALE: Well rounded ethical solo practice in 
northern Indiana university town. Prestigious location 
with excellent hospital affiliation. Good optometric 
support. Clinically challenging for the right person. 
Available to start transition on short notice. Please 
send CV to: Box #670, c/o AOP. 








PLEASE NOTE - Address replies to box number 
ads as follows: Box number _______ , c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 


Reach 
20,761 
Ophthalmologists 


If you are searching 
for a qualified specialist... 


We Target 
The Physician 
You Want! 


The May issue of the 
Archives of Opthamology 
closes Wednesday, 
March 25th. 


Call us today 
to reserve your space. 


800-237-9851 
813-443-7666 











‘The Lucky Ones 


These children have cheated death. 
Not long ago, each of them passed 
through the ordeal of cancer. Modern 

therapies administered to them at St. 
| Jude Children's Research Hospital 
saved their lives. 

Thousands of children live today 
because of the love and dedication of 
St. Jude's researchers, doctors and 
nurses. 

But there was something else that 
saved the lives of these children — the 
many Americans who cared enough 
about the suffering of children to sup- 
port a hospital devoted entirely to treat- 
ing childhood catastrophic diseases. 

St. Jude depends upon donations 
from concerned people to continue its 

work because no family is ever held fi- 
| nancially liable for treatment costs in- 
| curred at St. Jude. 

For more information on how you 
can help save more children, write to 
St. Jude, P.O. Box 3704, Memphis, TN 











ST. JUDE CHILDREN’S 
RESEARCH HOSPITAL 


Danny Thomas, Founder 











Pred Forte” (prednisolone acetate) 1% 


Sterile ophthalmic suspension 


INDICATIONS AND USAGE: Pred Forte is indicated for the 
treatment of steroid responsive inflammation of the palpebral 
and bulbar conjunctiva, cornea and anterior segment of the 
globe. CONTRAINDICATIONS: Pred Forte is contraindicated in 
acute untreated purulent ocular infections, acute superficial 
herpes simplex (dendritic keratitis), vaccinia, varicella and most 
other viral diseases of the cornea and conjunctiva, ocular 
tuberculosis, and fungal diseases of the eye. It is also 
contraindicated for individuals sensitive to any components of 
the formulation. WARNINGS: In those diseases causing thinning 
of the cornea, perforation has been reported with the use of 
topical steroids. Since Pred Forte contains no antimicrobial, if 
infection is present, appropriate measures must be taken to 
counteract the organisms involved. Acute purulent infections of 
the eye may be masked or enhanced by the use of topical 
steroids. Use of steroid medication in the presence of stromal 
herpes simplex requires caution and should be followed by 
frequent mandatory slit-lamp microscopy. As fungal infections 
of the cornea have been reported coincidentally with long-term 
local steroid applications, fungal invasion may be suspected in 
any persistent corneal ulceration where a steroid has been used, 
or is in use. Use of topical corticosteroids may cause increased 
intraocular pressure in certain individuals. This may result in 
damage to the optic nerve, with defects in the visual fields. It is 
advisable that the intraocular pressure be checked frequently. 
Posterior subcapsular cataract formation has been reported 
after heavy or protracted use of topical ophthalmic 
corticosteroids. Contains sodium bisulfite, a sulfite that may 
cause allergic-type reactions, including anaphylactic symptoms 
and life-threatening or less severe asthmatic episodes in certain 
susceptible people. The overall prevalence of sulfite sensitivity in 
the general population is unknown and probably low. Sulfite 
sensitivity is seen more frequently in asthmatic than in 
nonasthmatic people. PRECAUTIONS: General: Patients with 
histories of herpes simplex keratitis should be treated with 
caution. Carcinogenesis, mutagenesis, impairment of fertility: 
No studies have been conducted in animals or in humans to 
evaluate the potential of these effects. Pregnancy Category C: 
Prednisolone has been shown to be teratogenic in mice when 
given in doses 1-10 times the human dose. There are no 
adequate well-controlled studies in pregnant women. 
Prednisolone should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 
Dexamethasone, hydrocortisone and prednisolone were ocularly 
applied to both eyes of pregnant mice five times per day on days 
10 through 13 of gestation. A significant increase in the 
incidence of cleft palate was observed in the fetuses of the 
treated mice. Nursing Mothers: It is not known whether topical 
administration of corticosteroids could result in sufficient 
systemic absorption to produce detectable quantities in breast 
milk. Systemically administered corticosteroids are secreted into 
breast milk in quantities not likely to have a deleterious effect on 
the infant. Nevertheless, caution should be exercised when 
topical corticosteroids are administered to a nursing woman. 
Pediatric Use: Safety and effectiveness in children have not 
been established. ADVERSE REACTIONS: Adverse reactions 
include increased intraocular pressure, which may be associated 
with optic nerve damage and defects in the visual fields: 
posterior subcapsular cataract formation; secondary ocular 
infections from fungi or viruses liberated from ocular tissues: 
and perforation of the globe when used in conditions where 
there is thinning of the cornea or sclera. Systemic side effects 
may occur rarely with extensive use of topical steroids. 




























































= ALLERGAN PHARMACEUTICALS 


Allergan Pharmaceuticals, A Division of Allergan, Inc. 
Irvine, CA 92713 ©1992 Allergan, Inc. 









Reach for a “gold standard ™ 
in severe ocular 
inflammation therapy. 


Pred Forte’ 


(prednisolone acetate) 1% _ 
sterile ophthalmic suspension 
Specify “Brand Medically Necessary.” 


Pred Forte® Suspension is contraindicated in acute superficial herpes simplex keratitis; 
fungal diseases of the ocular structures; vaccinia, varicella and most other viral diseases of 
the cornea and conjunctiva; tuberculosis of the eye; and hypersensitivity to any component 
of this medication. Since this product does not contain an antimicrobial, if infection is 
present, appropriate measures must be taken to counteract the organism involved 

Please see adjacent page for brief prescribing information. 

*A long-standing, high standard 


© ALLERGAN PHARMACEUTICALS Allergan Pharmaceuticals, A Division of Allergan, Inc., Irvine, CA 92713 


© 1992 Allergan, Inc. 


